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Introduction 


In  1898  I  made  a  reconnaissance  of  the  pre-Cambrian  formations  oi 
tlie  Belt  mountains  of  Montana  and  published  the  results.*  The  sectior 
extended  from  the  unconformable  Cambrian  above  to  Archean  comple.\ 
at  the  base.  In  1900  I  crossed  the  Belt  mountains  and  endeavored  t( 
trace  the  connection,  north  of  Helena,  of  the  Belt  terrane  and  the  pre- 
Cambrian  rocks  of  the  Rocky  Mountain  "fronf  at  Lewis  and  Clark  pass 
and  north  on  the  south  fork  of  the  Dearborn  river.  It  was  evident  thai 
a  great  series  of  strata  extended  westward  beneath  the  Cambrian  that  was 
in  general  similar  to  the  Belt  terrane,  but  quite  different  in  detail.  In 
1901,  at  my  request,  Mr  Bailey  Willis  studied  the  Front  ranges  of  the 
Kocky  mountains  in  northern  Montana  and  found  a  great  series  of  strata 
referred  to  the  Algonkian.f  In  the  survey  of  the  Coeur  d'Alene  mining 
district  of  Idaho  Mr  F.  L.  Bansome,  assisted  by  Mr  F.  C.  Calkins,  found 
most  of  the  region  underlain  by  stratified,  siliceous  rocks,  referred  to  the 
Algonkian.J  During  the  field  season  of  1905  Mr  Calkins  continued  the 
study  of  the  Algonkian  rocks  of  Idaho,  and  extended  his  examinations 
into  western  Montana,  nearly  to  Ravalli,  on  the  Xorthem  Pacific  railroad, 
I  also  had  the  opportunity  of  studying  the  pre-Cambrian  rocks  of  north- 
western Montana  in  1905,  and  of  measuring  the  section  from  northwest 
of  Scapegoat  mountain  on  the  Continental  divide,  westward,  crossing  the 
Swan  and  Mission  ranges,  to  the  canyon  of  Jocko  creek  above  Ravalli. 

In  this  paper  I  wish  to  compare  the  various  sections  thus  far  studied 
and  to  correlate  them  as  far  as  practicable.  The  Camp  Creek,  Mission 
Range  section  will  be  taken  as  the  type  section,  owing  to  its  being  capped 
by  Cambrian  strata  and  being  ^f  greater  vertical  range  than  any  othei 
known  section.  It  embracers  portions  of  the  northern  section  of  ^Ii 
Willis  and  the  western  section  in  the  Coeur  d'Alene  district. 

Stratigraphic  Sections 
camp  creek,  mission  range  section 

The  section  in  general, — ^The  upper  portion  of  Scapegoat  mountain,  ir 
the  southeastern  portion  of  the  Lewis  and  Clark  forest  reserve,  is  formoi: 

•  Bull.  Geol.   Soc.   Am.,  vol.   10,   pp.  201-215,  235-239. 

t  Bull.  (ieol.  Hoc.  Am.,  vol.   13.  pp.  314-324. 

X  Manuscript  of  Geologic  Folio,  U.  S.  Geological  Survey. 
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CAMP  CREEK  SERIES  t5 

of  a  great  mass  of  Cambrian  limestone,  extending  6  miles  on  a  northwest- 
southeast  axis  and  varying  in  width  from  one  to  two  miles  (see  plate  2, 
figure  1).  The  southeast  point  is  Scapegoat  (9,185  feet  elevation)  and 
the  northwest  elevation  (9,000  feet)  I  shall  call  Cambria.  The  lime- 
stones are  superjacent  to  siliceous  Algonkian  strata  forming  the  main 
ridge  of  the  Continental  divide  and  the  spurs  descending  from  it  on  the 
north,  west,  south,  and  southeast.  On  the  east  and  northeast  the  Cam- 
brian limestones  slope  toward  the  Dearborn  River  drainage. 

After  a  reconnaissance  of  the  area  I  decided  to  measure  the  Algonkian 
section  at  localities  where  each  of  its  units,  or  formations,  were  well 
exposed  and  in  contact  above  and  below  with  other  known  formations. 

For  the  first,  or  upper,  series  of  strata  the  sharp  ridges  on  the 
southeast  and  northwest  sides  of  Camp  creek  were  selected  (see  plate  2, 
figure  2).  Camp  creek  heads  close  to  the  Continental  divide,  northwest 
of  Trap  mountain,  and  12  miles  northwest  of  Cambrian  point.  It  flows 
south-southwest  to  where  it  enters  Danaher  creek,  4  miles  above  the  head 
of  the  south  fork  of  the  Flathead  river.* 

Cambrian,  Flathead  sandstones, — The  massive,  coarse  grained  sand- 
stones of  the  Flathead  series  overlie  the  Algonkian  strata  of  the  Camp 
Creek,  Mission  Bange  section  at  the  summit  of  the  Continental  divide. 

The  fine  conglomerate  at  the  base  of  the  Flathead  sandstone  of  the 
Middle  Cambrian  rests  in  apparent  conformity  on  the  Algonkian  strata, 
the  layers  of  both  formations  dipping  north  at  an  angle  of  70  degrees. 

Algonkian,  Belt  terrane, — The  Algonkian  strata  of  the  Camp  Creek, 
Mission  Range  section,  comprise  three  great  series,  the  Camp  Creek,  the 
Blackfoot,  and  the  Ravalli,  as  follows: 

Camp  Creek  series 

la.  Compact,    hard,   gray   sandstones,    almost   quartzitlc    in        Feet        Feet 
many  layers;  layers  vary  in  thickness  from  one-fourth 
inch  to  10  inches ;  often  marlced  by  mud  craclcs  and  rip- 
ples ;  toward  the  top  the  dip  is  about  70  degrees  north ; 
500  feet  in  thickness  below,  the  dip  increases  to  80 

degrees,  and  decreases  to  75  degi*ees  near  the  base l,7r>2t      1,76U 

From  this  point  the  section  was  measured  on  the  east 
side  of  Gamp  creek. 

2a.  Reddish  brown,  arenaceous  shales  and  thin  bedded  lime- 
stones, alternating  irregularly  with  greenish  gray 
bands  of  shales  and  sandstones.  Some  of  the  thicker 
layers,  2  to  6  inches,  are  almost  quartzitic 1,560       1,560 

*  See  topographic  map  of  Ovando  quadrangle,  Montana. 

t  All  thlclinecMes,  unless  otherwise  stated,  were  obtained  by  measuring  the  strata 
with  rod  and  clinometer,  a  method  that  gives  reliable  results.  (See  Proc  U.  S.  Nat. 
Museum,   1888,   rol.  xl,  p.  447.) 
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Feet  Feet 

3a.  Greenish,  sandy  shales,  with  thin  layers  of  greenish  gray, 

compact  sandstone  at  irregular  intervals G12 

h.  Reddish  brown,  shaly  sandstones 51 

c.  Reddish  brown,  thin  bedded  sandstones,  becoming  more 

massive,  compact,  and  almost  quartzltic  5Q  to  75  feet 

down.    About  50  feet  from  the  base  the  layers  are 

more  or  less  cross-bedded,   coarser  grained,    reddish 

gray  in  color,  and  from  2  to  14  inches  in  thickness. . . .  970 

c/.  Reddish  brown  sandstones  that,  285  feet  from  the  top, 

gradually  pass  into  alternating  thin  bedded,  reddish 

colored,   sandy   shales   and   sandstones.    Toward   the 

base  there  is  60  feet  of  reddish  and  green,   sandy 

shales 1,362 

e.  Reddish  brown,  thin  bedded  and  shaly  sandstones.    Rip- 

ple markings  and  mud  cracks  occur   abundantly   in 

upper  part   76 

f.  Grayish  red  sandstone  in  layers  8  inches  to  2  feet  thick, 

alternating  with  shaly  sandstone  bands  and  partings..  510 

g.  Reddish  brown  sandstones  and  shaly  beds 910 


A  bed  of  Cryptozoan  occurs  325  feet  below  the  sum- 
mit, in  a  rough,  gray  sandstone  layer  about  4  feet 
thick. 


4,491 


4.  Alternating  thin  bedded,  gray,  hard  sandstones  and  sandy 

shales,  alternating  with  an  occasional  quartzltic  sand- 
stone ;  layers  8  to  12  Inches  thick.  At  360  feet  down 
light  gray,  sandy  shales,  slightly  calcareous  in  places, 
have  a  thickness  of  about  30  feet.  Below,  the  sand- 
stone layers  are  thicker,  with  less  shaly  beds,  and 
almost  quartzitic  in  tlie  thicker  layers.  At  175  feet 
from  the  top  a  reddish  brown  belt  15  feet  thick 
occurs;  otherwise  this  great  gray  sandstone  band  and 
a  similar  baud  below  (Oc)  are  conspicuous  features  In 
the  ridges,  as  the  gray  color  is  in  strong  contrast 
with  the  rich,  reddish  brown  bauds.  Ripple  marks 
and  mud  cracks  are  of  frequent  occurrence 700  700 

5.  Compact,   impure,  gray  limestone,   siliceous,   arenaceous, 

thin  bedded,  and  shaly,  weathering  buff  to  yellow  on 

many  of  its  layers 198  198 

6a.  Gray  sandstones  in  layers  2  to  8  inches  thick,  with  alter-    - 

nating  bands  and  parting  of  shaly  sandstones 482 

b.  Reddish  brown,  thin  bedded,  and  shaly  sandstones 68 

Sixteen  feet  from  the  top  a  layer  about  15  inches 
thick  is  nearly  made  up  of  irregularly  semispherical 
masses  of  Cryptozoan.  The  latter  are  calcareous  in  an 
impure  sandstone  matrix. 

c.  Gray,  shaly,  and  thin  bedded,  compact  sandstone 425 


975 


b£sume  of  camp  creek  series 


Feet 
753 

158 
623 

85 

395 


5 

Feet 


2,014 


7a.  Reddish  brown  sandstones,  thin  bedded  and  often  shaly. . 

h.  Gray,  thin  bedded,  and  almost  shaly  sandstones,  with  mud 

cracks  and  ripple  marlcs 

c.  Reddish  brown,  thin  bedded,  and  often  shaly  sandstones. . 

d.  Gray,  thin  bedded,  and  shaly  sandstones,  with  mud  craci^s, 

wave  and  ripple  marlsings 

e.  Chocolate  red,  thin  bedded  sandstones,  alternating  with 

impure,  gray,  arenaceous  limestone  layers 

Cryptozoan  is  abundant  in  small  forms  in  a  layer 
6  inches  thick.  25  feet  from  the  top. 

Feet         Feet 

1.    Gray  sandstones 1,762       1,762 

2a.  Reddish  sandstones 1,560       1,560 

3a.  Greenish  sandstones  and  shales 612 

C'd,  Reddish  brown  sandstones 2,332 

e-ff.  Reddish   sandstones. .'. 1,496 

4,491 

4.  Gray  sandstone   700         700 

5.  Siliceous  limestone t 198  198 

6a.  Gray  sandstone   482 

h.  Reddish  sandstone 68 

c.  Gray  sandstone 425 

975 

7a.  Reddish  sandstone 753 

b.  Gray  sandstone 158 

c.  Reddish  sandstone   623 

d.  Gray  sandstone   85 

e.  Reddish  sandstone  395 

2,014 

Total  of  Camp  Creek  series 11,700 

Blackfoot  series 

Type  locality  of  Blackfoot  series :  Canyon  of  North  fork  of  Blackfoot 
river,  where  the  entire  section  is  exposed. 

The  red  beds  of  the  Camp  Creek  series  rest  conformably  on  the  lime- 
stones of  the  Blackfoot  series,  about  a  mile  above  the  mouth  of  Camp 
creek.  The  contact  between  the  two  formations  can  be  traced  for  many 
miles  to  the  north,  south,  and  southeast.  At  Camp  creek  the  Blackfoot 
lim^tones  are  broken  by  a  fault  in  the  canyon  valley  of  Danaher  creek, 
but  to  the  south,  10  miles  west  of  south  of  Scapegoat  mountain,  the  entire 
section  of  the  limestone  is  shown  conformably  beneath  the  Camp  Creek 
terrane  in  fine  exposures  in  the  canyon  of  the  north  fork  of  Blackfoot 


6  C.  D.  WALCOTT — AX.QONKIAN    FOBMATION8   OF   MONTANA 

river,  below  Dry  fork.     The  section  was  measured  on  the  high  ridge  east 

of  the  river,  and  passes  over  Mineral  hill. 

Above  the  Blackfoot  limestones  the  red  and  gray  arenaceous  beds  of 

the  Camp  Creek  series  extend  northward  and  pass  beneath  the  Cambrian 

strata  of  Scapegoat  mountain. 

Feet         Feet 

1.  Passage  bends;  sandy  layers,  pinkish  to  dull  red,  with 

coarser  grains  of  sand  than  below,  followed  by  grayish, 
buff  weathering,  slightly  calcareous,  fine  grained  sand- 
stones. The  upper  half  has  more  buff  and  yellowish 
beds  and  the  lower  half  more  of  the  reddish  beds 155 

2.  Shaly  limestones,  alternating  with  thin  layers  of  gray  lime- 

stone. Near  the  top  a  few  oolitic  layers  occur,  and 
throughout  are  occasional  layers  with  Cryptozoan. 
About  730  feet  down  the  shaly  beds  give  way  to  t)edded, 
gray  limestone,  alternating  with  impure,  dark  gray, 
buff  weathering  limestone.  About  160  feet  from  the 
base   the   shaly   limestone   again   predominates,    with 

frequent  layers  of  oolitic  and  siliceous  limestone 1,310 

Cryptozoan  is  abundant  in  the  lower  100  feet 

3.  Calcareous  shales  with  bands  of  green  arenaceous  shale. . .  155 

4.  Thin  bedded  and  shaly,  gray  limestone,  with  occasional 

layers  of  gray  limestone  2  to  10  inches  thick.  In  the 
lower  70  feet,  oolitic  layers  and  semi-cherty  layers 
occur.  The  siliceous  portions  of  the  latter  weather  buff 
and  the  irregular  nodules  and  stringers  of  gray  lime- 
stone a  bluish  gray 815 

Cryptozoan  occurs  abundantly  In  the  upper  60  feet 
on  the  high  point  north-northeast  of  Mineral  hill.  Flue 
specimens  of  Cryptozoan  two  feet  and  more  in  diameter 
occur  in  beds  3  feet  thick  at  horizons  360  and  373  feet 
below  the  top. 

5.  Thin  bedded,  more  or  less  shaly,  compact,  gray  limestone, 

weathering  buff  and  gray • 520 

6.  Gray  limcHtone  in  layers  8  to  20  inches  thick,  with  Irregular 

nodules  and  stringers  of  cherty  matter,  weathering  buff. 
This  extends  down  about  330  feet,  where  there  is  a 
gradual  change  into  banded  calcareous  and  siliceous 
beds,  with  layers  of  gray '  limestone.  These  give  way 
1,040  feet  down  to  gray,  compact,  siliceous,  buff 
weathering  limestone  in  shaly  bands  and  thin  layers. 
Siliceous  matter  becomes  more  prominent,  until  the 
only  evidence  of  calcareous  matter  is  the  buff  weather- 
ing beds.  A  bed  28  feet  thick  of  purplish  colored, 
siliceous  rock,  in  hard,  compact,  smooth  layers,  occurs 

285  feet  above  the  base 1,850 

Cryptozoan  of  large  size,  15  inches  and  more  ia 
diameter,  occur  165  feet  from  the  top. 
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BULL.  GEOL.  SOC.  AM. 


VOL.  17,  1905,  PL.  4 


SOUTHEASTERN  SLOPE  OF  MOUNT  McDONALD,  MISSION  RANGE,  MONTANA 
The  strata  forming  Mount  McDonald  are  the  calcareous  and  siliceouH  beds  of  the  Bluckfoot  series.     C.  D.  VV.,  1900 


BULL.  QEOL.  SOC.  AM. 


VOL.  17,  1905,  PL.  5 


CREST  OF  MISSION  RANGE,  MONTANA 


Thi>  view,  taken  a  short  distance  »outh  or  Mount  McDonald,  shown  the  ett'eot  of  Kliicial  erosion  on  the  sliiihtly 
altered  calcAreoiis  and  siliceous  beds  of  the  lilackfout  series.    C.  D.  VV.,  191H) 


BLACKPOOT  AND  RAVALLI  SERIES  7 

Feet  Feet 

1.  Calcareo-arenaceous  beds 155 

2.  Shaly  limestones 1,310 

3.  Calcareo-arenaceous  shales 155 

4.  Thin  bedded  limestone 815 

5.  Shaly  and  thin  bedded  limestone 520 

a  Siliceous  limestone  . ! 1,850 

4.805 

In  this  section,  below  the  Blackfoot  series,  the  purple  and  green 
siliceous  beds  of  the  Ravalli  series  have  a  thickness  of  2,150  feet  to  a  fault 
2.5  miles  south  of  Mineral  hill. 

Havalli  series 

The  Blackfoot  Limestone  series,  with  the  siliceous  red  beds  above  and 
purple  beds  below,  are  repeated  to  the  westward  of  the  Continental  divide, 
in  the  Swan  and  Mission  ranges,  the  limestones  forming  the  high  sum- 
mits on  both  ranges  (see  plate  3).  West  of  the  Mission  range  the  lower 
portion  of  the  Blackfoot  series  is  exposed  in  the  high  hills  east  of  Ravalli 
and  Jocko  creek.  Below  the  limestones  there  is  a  great  thickness  of 
siliceous  strata,  the  lowest  beds  of  which  were  found  on  Jocko  creek, 
about  a  mile  above  Ravalli. 

Feet         Feet 

1.  Fine  grained,  qnartzitic  sandstones  of  purplish  gray  and 

gray  color.  In  the  lower  portion  the  purple  to  purplish 
gray  form  bands  of  color,  and  alx>ve  the  gray  and  then 
the  purplish  tints  predominate 2,550 

2.  Bedded,  compact,  gray  sandstones 1,000 

3.  Greenish  gray,  fine  grained,  compact  qnartzitic  sandstones, 

In  layers  4  inches  to  2  feet  thick,  with  an  occasional  bed 

of  shaly  sandstone 4,645 

1.  Purple  and  gray  beds 2,550 

2.  Gray  beds   1,060 

3.  Greenish  gray  beds 4,645 

8,255 

Resume  of  Camp  Creek,  Mission  Range  section. — The  following  is  a 

resume  of  the  Camp  Creek,  Mission  Range  section : 

Cambrian. 

Plane  of  unconformity. 

Algonklan,  Belt  terrane. 

Gamp  Creek  series 11,700 

Blackfoot  series 4,8a'^i 

Ravalli  series 8,256 

24,760 


_^ 
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DEARBORN  RIVBR  SECTION 

Location  of  the  section. — This  section  is  on  the  south  side  of  the  ridge 
south  of  the  north  fork  of  Dearborn  river  and  35  miles  southeast  of  the 
Camp  Creek  section.     It  is  10  miles  north  of  the  Lewis  and  Clark  pass. 

The  section  begins  about  2  miles  up  the  slope  below  the  base  of  the 
Flathead  Cambrian  sandstone,  and  extends  eastwtf^d  to  the  gravels  at  the 
foot  of  the  mountain  slope,  a  short  distance  west  of  the  ranch  house  of 
Steinbach  and  Alt. 

Cambrian,  Flathead  sandstones. — The  Cambrian  Flathead  sandstone  is 
massive,  coarse  grained,  with  small,  white  quartz  pebbles,  and  cross- 
bedded  near  base.  Two  hundred  and  fifty-five  feet  from  the  base  it  is 
overlain  by  thin  bedded  sandstones  and  shales,  with  numerous  annelid 
trails  and  fragments  of  trilobites.  The  Flathead  sandstone  rests  un- 
conformably  upon  the  Algonkian  (see  page  16). 

Algonkian,  Belt  terrane. — The  following  is  the  Algonkian  section  ex- 
posed on  the  north  fork  of  the  Dearborn  river: 

Feet         Feet 
la.  Gray,  buff  weathering,  arenaceous,  thin  bedded  layers, 

passing  Into  greenish  gray  beds  05  feet  from  the  top. . .  225 

h.  GryptosEoan,  siliceous  limestone 4 

e.  Thin  t)edded,  hard,  gray  sandstone  weathering  buff  and 

gray,  with  greenish  tints. 205 

d.  Buff  colored,  arenaceous  shale 76 


510 


2.  Buff  weathering,  gray,  slightly  siliceous  limestone  in  shales 
and  layers  up  to  a  foot  in  thickness.  Massive  layers  of 
interformational  conglomerate,  composed  of  broken  up, 
shaly,  and  thin  t)edded,  bluish  gray  limestone,  occur 
180  feet  from  the  top  and  bluish  gray  layers  extend 
below  for  25  feet  OoUtic  layers  occur  at  several 
horizons  435 

3a.  Greenish,  arenaceous  shales,  with  thin,  interbedded  sand- 
stones at  irregular  intervals.  At  about  500  feet  from 
the  top  alternating  bands  of  greenish  and  purplish, 
arenaceous  shale  begin,  and  continue  for  some  distance 
before  giving  way  to  purple  colored,  siliceous  layers, 
and  thin  bedded,  fine  grained  sandstone  and  purple 
shales  1,150 

Strike  of  strata  near  base,  north  40  degrees  west, 
magnetic ;  dip  25  degrees  southwest,  near.  About  1,000 
feet  from  base,  same  strike,  dip  30  degrees  southwest 


DEARBOBX  RIVKR  SECTION  H 

Feet  Feet 

6.  Light  gray  and  greenish,  siliceous  beds  In  layers  and 
shaly  bands.  Alternating  bands  of  arenaceous,  shaly, 
and  thin  bedded  sandstones  and  compact,  siliceous, 
banded  layers,  flint-like  In  appearance,  occur  through- 
out this  part  of  the  series.  At  455  feet  from  the  top  a 
sill  of  dark,  eruptive  rock,  35  feet  thick,  outcrops,  and 
17  feet  above,  3  feet  of  dark,  siliceous,  hard  shale. 

Mud  cracks  occur  at  many  horizons 1,215 

r.  Purple,  arenaceous  shales  with  occasional  thin  bands  of 
greenish  shale.    In  the  upper  part  the  greenish  shales 
predominate,  with  occasional  bands  of  puiT)le  shales. . .        2,430 
Dip  45  degrees  southwest. 

rf.  Fine,  quartz  conglomerate 2 

e.  Shaly  and  thin  bedded,  siliceous  and  arenaceous  shales. 
They  are  purple  wloi*ed  in  the  upper  245  feet  and  with 
occasional  purple  bands  in  greenish  shales  below. 

At  300  feet  from  the  top  a  bed  of  eruptive  rock  25 
feet  thick  occurs  and  another  5  feet  thick  435  feet 
l^elow. 

Dip  30  degrees  near  base  and  40  degrees  near  top 
of  He, 
4.    Bluish  gray  limestone  in  thin  layera 15 

la-rf.  Gray  and  greenish  gray,  siliceous  and  arenaceous  beds. .  510 

2.    Gray,  siliceous  limestone 435 

^-e.  Greenish  and  purple,  siliceous  and  arenaceous  beds 5,757 

4.    Gray  limestone 15 


G.717 


The  upper  portion  of  this  section,  la-d  and  2,  appears  to  belong  to  the 
RIaekfoot  Limestone  series,  and  the  beds  below  to  the  Eavalli  series  of  the 
Camp  Creek,  Mission  Range  section. 

The  Cambrian  beds  are  cut  off  by  a  fault  just  above  the  Flathead  sand- 
stones, which  brings  up  gray,  arenaceous  shales  and  sandstones  of  the 
Algonkian,  and  above  these,  brownish  red  beds  corresponding  to  the 
Spokane  shales  of  the  I^ewis  and  Clark  Pass  section.  The  latter  are 
capp(»d  by  the  coarse  sandstone  of  the  Cambrian  Flathead  formation. 

LEWIS  AND  CLARK  PA88  SECTION 

Location  of  the  section. — This  section  is  about  10  miles  south  of  that 
fjouth  of  the  north  fork  of  the  Dearborn  river, 

Cambrian,  Flathead  sandstones. — The  divide  at  the  T^wis  and  Clark 
pass  trends  northeast  and  southwest.  The  massive  bedded,  coarse  sand- 
II—BULL.  Geol.  8oc.  Am.,  Vol.  17.  1906 
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stones  of  the  Cambrian  Flathead  formation  form  the  northwest  side  and 
the  reddish  brown  sandstones  and  shales  of  the  Algonkian  Belt  terrane 
the  southeastern  side,  the  Algonkian  l>ing  unconformably  below  the 
Cambrian. 

Algonkian,  Belt  terrane. — The  Algonkian  at  the  Lewis  and  Clark  pass 
comprises  the  Marsh,  the  Helena,  and  the  Empire  formations,  as  follows : 

Marsh  formation 

Feet         Feet 

1.  Reddish  brown,  arenaceous  shales  and  sandstones,  similar 

to  the  Marsh  shales  of  the  Belt  terrane 790 

2.  Gray,  hard,  arenaceous  shales  and  sandstones,  with  alter- 

nating bands  of  reddish  brown,  thin  bedded  and  shaly 
sandstones,  20  to  40  feet  in  thickness 225 

Helena  formation 
Thin  bedded,  gray,  siliceous  limestone,  with  numerous  are- 
naceous layers  in  the  upper  25  feet  The  central  and 
lower  portions  have  iuterbedded,  bluish  gray  limestone 
with  occasional  layers  of  interformational  conglom- 
erate, formed  of  thin,  shaly  limestones.  The  siliceous, 
hard  layers  weather  a  yellowish  buCT  color 285 

Empire  formation 
Gray,  arenaceous  shales  and  thin  bedded  sandstones.    A  bed 
of  Cryptozoan  limestone  two  feet  thick  occurs  near  the 
top  and  a  similar  bed  300  feet  below 1,210 

Resumd  of  Algonkian,  Belt  terrane 

Marsh  formation: 

1.  Reddish  brown,  arenaceous  shales  and  sandstones 790 

2.  Gray,  arenaceous  shales  and  sandstones 225 

Helena  formation: 
Gray  siliceous  limestones   285 

Empire  formation: 
Gray,  arenaceous  shales  and  sandstones. 1,210 

Total  section 2,51( 

8WAN  RANGE  SECTION 

Location  of  the  section, — The  section  of  the  limestones  and  interbeddec 
siliceous  strata  of  the  Swan  range,  south  of  Holland  peak,  begins  be 
neath  the  red  sandstones  of  the  Camp  Creek  series  and  extends  westward 
over  the  crest  of  the  range,  nearly  to  its  western  base. 


SWAN  RANGE  SECTION  11 

Algonkian. — The  red  and  gray  arenaceous  beds  of  the  Camp  Creek 
series  form  the  top  of  the  Algonkian  section  in  the  Swan  range,  and 
overlie  the  limestones  of  the  Blackfoot  series. 

Blackfoot  series — Upper  division 

Feet         Feet 
la.  Banded,  Riliceous  or  cberty  layers  predominate  at  the 
top,  with  a  few  thin  layers  of  gray  limestone  and  sbaly, 

arenaceous  layers  6  to  15  Inches  thick 410 

h.  Gray,  thin  bedded  limestones,  with  intercalated  cherty 

layers  585 

995 

2a.  Gray,  banded  chert  with  a  dark  bluish  black  layer  2  feet 

thick  near  the  top  23 

b.  Gray,  thin  bedded  limestone,  weathering  buCT,  somewhat 

shaly  in  the  upper  000  feet  and  more  distinctly  bedded 

below 845 

c.  Alternating  cherty  beds  and  grayish  limestone,  with  the 

cherty  beds  predominating  in  the  upper  portion 195 

Near  the  base  there  is  a  layer  three  feet  in  thickness 
almost  entirely  made  up  of  massive  specimens  of 
CryptoKoan. 

d.  Gray,  thin  bedded  cherty  beds 52 

€,  Gray,  rough,  siliceous,  and  arenaceous  limestone  in  thick 

layers  109 

r.  Dark,  bluish  black  cherty  bed 4 

g.  Gray,  rough,  siliceous,  and  arenaceous  limestone  layers  2 

to  16  Inches  thick 105 

About  50  feet  from  the  summit  numerous  sfieclmens 

of  GryptOBoan  occur  In  a  bed  about  6  inches  in  thickness. 

Total  of  Upper  division 2.328 

Blackfoot  series — Lower  division 

lo.  Banded  cherts,  dark  and  gray 70 

6.  Gray,  compact,  more  or  less  siliceous  limestone,  with 
cherty  layers  and  irregular  nodules  that  corresi)ond  In 
form  to  the  calcareous  nodules  in  1^ 80 

c.  Dark  and  gray  banded  cherts (Ki 

d.  Gray,  compact,  more  or  less  siliceous  limestone,  with  thin 

cherty   layers  and   irregular  nodules  similar   to   the 

cherty  matter  in  If 175 

f.  Banded,  cherty  beds,  with  small  amount  of  calcareous 

matter  in  the  form  of  nodules  and  Irregular  thin  layers  210 
f.  Siliceous  and  calcareous  layers,  from  one-half  to  2  inches 

In  thickness.    The  calcareous  matter  is  in  the  form  of 
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Feei  Feet 

irregular,  bluish  gray,  limestone  nodules,  imbedded 
in  a  siliceous  matrix.  Sometimes  the  siliceous  matter, 
and  sometimes  the  calcareous,  predominates,  and  occa- 
sionally layers  that  are  purely  siliceous,  or  arenaceous 
limestone,  occur,  and  banded,  cberty  layers  are  of  fre- 
quent occurrence.  Occasionally  the  nodules  of  lime- 
stone are  small,  very  irregular  in  size  and  form,  and 
almost  make  up  the  entire  mass  of  the  rock,  the  sili- 
ceous matter  simply  holding  them  together 9G0 

y.  Light  gray,  cherty,  siliceous,  banded  beds,  1  to  2  feet  in 
thickness,  with  partings  of  siliceous  shale  at  Irregular 
intervals.  Layers  occur  with  numerous  flattened  bluish 
gray,  limestone  nodules  and  stringers  arranged  parallel 
to  the  bedding.  Some  of  the  shaly  beds  are  1  to  2  feet 
in  thickness  and  more  or  less  argillaceous  or  calcareous. 
On  the  weathered  surface  the  calcareous  beds  weather 
buflT  and  dull  gray.  Seventy  feet  below  the  top  there  is 
a  band  of  arenaceous,  gray  shale  35  feet  in  thickness. . .        1,100 

The  section  was  all  carefully  measured,  with  the  ex- 
ception of  the  Ipwer  600  feet,  which  was  estimated 
from  dip  and  occasional  outcrops  on  the  lower  slopes  of 
the  ridge. 


Total  of  Lower  division 2,660 


Total  thickness  4,988 

The  Upper  division  contains  more  calcareous  matter,  and  the  Lower 
division  is  more  siliceous.  The  separation  is  somewhat  arbitrary,  and 
probably  would  not  hold  good  at  any  considerable  distance  from  where 
the  section  was  measured. 

The  general  strike  of  the  beds  of  the  section  is  north  30  degrees  west ; 
average  dip,  35  degrees  north. 

l^OTES  ON  BBCriON  FROM   BELTOS,  EAUT 

Bad  Rocks  Canyon  section, — During  September,  1895,  I  made  a  rapid 
trip  along  the  line  of  the  Great  Northern  Railroad  track  from  Belton  to 
the  vicinity  of  Essex,  and  thence  north  to  the  head  of  Xyack  creek. 

In  Bad  Rocks  canyon,  Montana,  on  the  line  of  the  Great  Xorthern 
railroad,  the  section  given  below  was  measured.  This  portion  of  the 
section  appears  to  correspond  with  the  Blackfoot  limestone  of  the  Mission 
Range  section,  85  miles  to  the  south,  and  to  indicate  that  that  horizon  is 
persistent  on  the  line  of  the  strike  of  the  Mission  and  Swan  ranges.  The 
section  is  as  follows: 


BAD  ROCKS  CANYON   SECTION  13 

Descending  series.  I*^^ 

1.  Banded  blue  and  gray  arenaceous  limestone 700 

2.  Dark  bluish  limestone  in  massive  beds 650 

3.  Greenish  colored  limestone,  impure  and  with  many  small  calcai-e- 

ous  nodules  1,600 

4.  Darls  bluish  limestone  (similar  to  number  2) 250 

5.  Greenish,  banded,  massive  argillaceous  limestone 2,000 

&    Alternating  green  and  purple  argillaceous  beds,  massive  layers 

|)as8ing  (at  about  100  feet)  into  sea  green 450 

6a.  Green,  passing  down  into  purple  (same  as  number  6) 350 


6,000 
No  fossils ;  no  well  defined  base  or  summit. 

In  the  notes  taken  at  the  time  the  following  occur : 

At  Belton  greenish  shales  and  massive  beds  of  calcareous  argillite-like 
rock  dip  northerly  about  40  degrees.  Bluish  and  banded  limestones 
come  in  on  top  of  the  greenish  beds.  The  limestones  are  in  heavy  beds, 
2  to  4  feet  thick,  and  quite  pure  in  some  layers.  No  traces  of  life  with 
the  exception  of  a  Stromatopora-like  form.  The  strike  and  dip  of  the 
beds  vary ;  but  the  section  appears  to  be  practically  unbroken  and  to  con- 
sist of  a  portion  of  the  '^Castle  Mountain  group"  of  McConnell.  The 
railroad  curves  in  and  out  along  the  strike,  following  the  bends  of  the 
Middle  fork  of  the  Flathead  river.  About  7  miles  from  Belton  some 
reddish  beds  of  calcareous  argillite  appear  along  with  the  greenish  beds. 
There  may  be  2,000  to  3,000  feet  of  the  limestone. 

It  will  be  noted  that  at  the  time  I  thought  that  this  series  probably 
represented  a  portion  of  the  Castle  Mountain  group  of  McConnell. 
Reference  will  be  made  later  to  this  (see  page  22). 

The  notes  further  state: 

One  mile  and  a  half  east  of  Paola  the  red  shales  (calcareous  argillite) 
appear  in  a  railroad  cut.  Strike,  north  80  degrees  west  (magnetic) ; 
dip,  north  30  degrees. 

The  red  and  green  beds  extend  east  of  Essex  to  Java,  where  massive 
bluish  limestones  appear.  In  cuts  between  Java  and  Bear  creek  is  the 
limestone.  Strike,  east  and  west  (magnetic)  ;  dip,  20  degrees  north. 
The  rocks  are  evidently  the  massive  Castle  Mountain  limestones  of 
McConnell.  The  general  strike  swings  to  north  60  degrees  east,  and  the 
dip  decreases  to  15  degrees  north.  Two  miles  west  of  Bear  creek  a 
syncline  and  fault  occurs  that  brings  up  the  green  and  red  beds  beneath 
the  limestone. 

Nyack  Creek  section* — At  the  head  of  Nyack  creek  a  fine  amphitheater 
is  eroded  out  of  the  red  beds  and  superjacent  calcareous  shales  and  lime- 

*  Notes   were   made    September    10,    1806. 
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stones.  The  Castle  Mountain  rocks  form  fine  ridges  and  peaks  along  the 
Rocky  Mountain  divide  for  many  miles.  There  is  evidently  a  fault  on 
the  east,  as  the  strata  rise  and  end  abruptly  as  far  as  could  be  seen.  X 
species  of  Raphistoma  was  foimd  in  the  shaly  limestone  2,000  feet  or 
more  above  the  base  of  the  limestones.  Only  a  few  hours  were  available 
for  the  study  of  this  most  interesting  section,  as  snow  began  falling  and 
continued  until  it  was  several  feet  in  depth. 

This  note  indicates  the  presence  of  the  upper  red  beds  of  the  Camp 
Creek  Algonkian  series,  with  the  Cambrian  and  Ordovician  strata  above. 


OBNBRALIZBD  SECTION,  CfEUR  DALBNB  DISTRICT,  IDAHO 

The  following  is  a  generalized  tabular  section  of  Algonkian  rocks  in  the 
CcBur  d'Alene  district  of  Idaho,  prepared  by  Mr  F.  C.  Calkins : 


No. 


Name. 


Striped  Peak  for- 
mation. 


Wallace    forma- 
tion. 


Saint  Refds  for- 
mation. 


Revettquartzite. 
Burke  formation. 


1      Prichard  slate — 


Description. 


Sandstones,  siliceous,  generally  flaggy  to 
shaly;  colors  mostly  green  and  purple; 
characterized  by  shallow-water  features,  as 
ripple  marks,  sun  cracks,  etcetera. 

Thin  bedded  sandy  shales,  underlain  by 
rapidly  alternating  thin  beds  of  argillite, 
calcareous  sandstone,  impure  limestone,  and 
indurated  calcareous  shale ;  these  underlain 
in  turn  by  green  siliceous  argillites ;  shal- 
low-water features  throughout ;  slaty  cleav- 
age common. 

Sandstones,  generally  flaggy  or  shaly ;  usually 
fine  grained  and  much  indurated;  colors 
mostly  green  and  purple;  characterized  by 
shallow-water  features. 

White  quartzites,  generally  rather  thick 
bedded;  interstratified  with  subordinate 
quantities  of  micaceous  sandstone. 

Gray,  flaggy,  fine  grained  sandstones  and 
shales,  with  interbedded  purple  quartzitic 
sandstone  (the  proportion  varies  widelv  in 
different  parts  of  the  district)  and  white 
quartzite;  the  formation  characterized 
throughout  by  shallow-water  features. 

Mostly  olue  black,  blue-gray  to  light  gray 
slates,  g[enerally  disti  nctty  banded ;  consid- 
erable mterbedded  gray  sandstone ;  upper 
portion  characterized  by  rapid  alternations 
of  argillaceous  and  arenaceous  layers,  and  by 
shallow-water  features ;  base  not  exposed. 


Thick- 
ness 
in  feet. 


1,000  + 
2,500  + 

8(X) 

1,000 
1,700 

8,000 -^ 


Total 15,000 


o 


i      O 

c 

s        "0 


STRIPED  PKAK  SECTION 
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OBNBRALIZBO  SECTION  FROM  STRIPED  PEAK,  IDAHO 

The  following  is  a  generalized  section  of  Algonkian  rocks  from  Striped 
peak,  north  and  northeast  of  the  Coeur  d'Alene  district,  Idaho,  prepared 
bv  Mr  P.  C.  Calkins: 


Formation  down. 

Description. 

Approximate 
thickness. 

Remarks. 

No. 

Name. 

5 
4 

3 

2 

1 

Striped  Peak  for- 

Wallace    forma- 
mation  (equiv- 
alent to  Daly's 
MoyieargiUite). 

Burke-Saint  Re- 
gis   formation 
(equivalent   to 
Daly's    Kitch- 
ener quartzite). 

Prichard  slate.... 

Creston  quartzite 
(Daly). 

Sandstones  and  shales, 
siliceous,  purple,  red, 
and  green,  with  shallow- 
water  features. 

Argillites,  generally  cal- 
careous, blue  gray  and 
greenish  gray,  wjth  thin 
beds  of  calcareous  quart- 
zite and  impure  lime- 
stone ;  ^neral  composi- 
tion beconfing  more  cal- 
careous eastward. 

Shaly  indurated  siliceous 
fine  grained  sandstones 
and  quartzites;  colors 
gray,  greenish,  and  pur- 
plish ;  some  hard  white 
quartzite  in  Cabinet 
mountains  equivalent  to 
Revett  quartzite  of  Coeur 
d'Alene  district. 

Banded  dark  slates,  blue 
black,  blue  gray  to  light 
gray,  with  some  inter- 
bedded  gray  quartzite. 

Gray,  more  or  less  flaggy 
quartzites,  with  argilla- 
ceous bands. 

2,000  + 
5,000  ± 

8,000  ± 

10,000  ±  to 
zero. 

2,000  near 
Idaho-Mon- 
tana bound- 

9,9IW  + 

Near  Heron 

No      complete 
section. 

Thickness  east- 
ward not  rec- 
ognized    by 
Daly. 

Daly's     figure. 
Probably  thins 
out  eastward. 

N.  B. — Ripple  marks,  sun  cracks,  etcetera,  abundant  in  all  formations  but  Prich- 
ard and  Creston. 

NOTE  ON  LIMESTONES  NEAR  KALISPELL 

Massive  bedded,  drah,  light  colored  limestone,  breaking  up  on  weather- 
ing into  shaly  layers  in  some  of  the  beds  and  in  others  into  irregular  frag- 
ments with  a  eonchoidal  fracture.  A  few  layers  of  shaly  limestone  with 
some  arenaceous  interbedded  layers  occur  in  the  series.  Near  the  town, 
at  the  quarry,  there  is  about  300  feet  in  thickness  of  the  limestones  ex- 
posed.    They  dip  south  at  an  angle  of  5  to  10  degrees.     The  limestones 
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cover  a  wide  area  to  the  west  and  south  and  are  apparently  interbedded 
in  the  qnartzite  series  exposed  on  the  line  of  the  Great  Northern  railroad 
to  the  westward,  on  the  ridge  cut  through  at  Haskell  pass.  Up  to  date 
this  series  may  be  referred  to  the  Algonkian,  although  this  is  probably 
the  same  as  Dawson's  Cambrian  to  the  north,  in  British  Columbia. 

These  limestones  appear  to  be  a  portion  of  the  Blackfoot  Limestone 
series  of  the  Mission  range. 

Unconformity  between  Aloonkian  and  Cambrian 

I  have  described  the  unconformity  existing  between  the  strata  of  the 
Belt  terrane  and  the  Cambrian  in  the  Big  Belt  mountains  and  in  the 
vicinity  of  Helena.  It  was  found  that  in  one  instance  upward  of  3,000 
feet  of  Algonkian  beds  had  been  removed  by  pre-Cambrian  eroaion,  and 
that  it  was  exceptional  to  find  the  same  Algonkian  strata  in  contact  with 
the  Cambrian  in  localities  a  few*  miles  distant  from  each  other.*  We 
find  similar  conditions  as  the  contact  of  the  two  systems  of  strata  is 
traced  to  the  west  and  northwest.  At  l-jcwis  and  Clark  pass  the  Cambrian 
rests  on  a  series  of  reddish  brown  sandstones,  1,015  feet  in  thickness, 
al)ove  the  Helena  calcareous  beds.  At  Helena,  40  miles  distant,  there 
are  70  feet  of  similar  sandstones  between  the  Cambrian  and  the  Helena 
limestone.  At  the  Dearborn  section,  10  miles  north  of  Jjewis  and  Clark 
pass,  the  Cambrian  i-ests  on  siliceous  and  calcareous  strata  that  appear  to 
belong  to  a  portion  of  the  Algonkian  section  1,000  feet  or  more  beneath 
the  horizon  in  contact  with  the  Cambrian  at  I^ewis  and  Clark  pass.  In 
the  vicinity  of  Scapegoat  mountain,  35  miles  northwest,  the  Cambrian  is 
superjacent  to  a  series  of  gray  sandstones  and  shaly  beds,  1,700  feet  thick, 
that  do  not  appear  to  be  represented  in  the  Dearborn  section, 

Xo  contacts  with  the  Cambrian  have  been  ob8er^'ed  west  of  the  ridges 
between  the  north  fork  of  the  Flathead  river  and  the  Swan  range, 
although  from  the  presence  of  Cambrian  fossiliferous  limestones  west  of 
the  Mission  range  such  contacts  may  be  found. 

Eighty  miles  north  of  the  Scapegoat  area,  in  the  vicinity  of  Cut  Bank 
pass,  at  the  head  of  Nyack  creek,  it  is  difficult  to  locate  the  line  of 
demarcation  between  the  fossiliferous  limestones  and  the  Algonkian 
strata,  2,000  feet  below.     Further  study  is  needed  in  this  area. 

One  hundred  miles  farther  north  the  section  appears  to  be  conformable 
from  the  Ordovician  down  through  the  Middle  Cambrian  and  the  Lower 
Cambrian  of  the  Bow  Biver  series,  and  not  to  reach  down  to  the  Algon- 
kian as  it  occurs  in  Montana,  the  Bow  River  series  being  the  sediment 

•  Ijoc.   clt,   pp.   210-216. 
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deposited,  in  part  at  least,  in  the  erosion  interval  between  the  Algonkian 
and  the  Middle  Cambrian. 

Correlation  of  Sections 

The  most  easterly  section,  that  of  the  Belt  mountains,  has  more  lime- 
stone in  proportion  to  the  arenaceous  matter  and,  with  the  exception  of 
the  Xeihart  sandstone  at  the  base,  finer  sediments;  these  conditions 
indicate  that  the  sediments  were  derived  mainly  from  a  somewhat  distant 
source  of  supply.  One  horizon  of  this  section,  the  Xewland  limestone, 
is  marked  by  the  presence  of  fossil  crustaceans  that  also  occur  in  the  sec- 
tions 200  miles  to  the  northwest,  as  discovered  in  the  Lewis  range  by 
Messrs  Willis  and  Weller,*  and  Doctor  B.  A.  Daly  on  the  forty-ninth 
parallel,  t 

Tracing  the  upper  formations  of  the  Belt  terrane  north  of  Helena,  we 
find,  at  liCwis  and  Clark  pass  on  the  Continental  divide,  a  series  of  red- 
dish, arenaceous  rocks  beneath  the  Cambrian,  with  some  limestone.  This 
is  40  miles  from  the  tj'pical  section  east  of  Helena,  and  there  is  a  manifest 
change  in  the  sediments,  especially  in  the  presence  of  a  greater  thickness 
of  arenaceous  beds  between  the  base  of  the  Cambrian  and  the  Helena 
limestone.  At  Helena  the  Marsh  shales  are  300  feet  thick,  and  similar 
^jeds  at  the  Lewis  and  Clark  pass  give  a  thickness  of  1,015  feet. 

The  Helena  Limestone  series  in  the  vicinity  of  Helena  has  an  estimated 
thickness  of  2,400  feet.  It  has  numerous  arenaceous  and  siliceous  bands 
interbedded  with  the  limestone.  By  the  elimination  of  a  relatively  small 
amount  of  the  calcareous  matter  the  greater  part  of  the  limestones  would 
disappear,  and  a  section  much  like  that  of  Lewis  and  Clark  pass  replace 
the  Helena  Limestone  series. 

Ten  miles  north  of  the  Lewis  and  Clark  Pass  section  the  limestones 
of  the  Dearborn  section  corresponding  to  those  of  the  Helena  series  are 
well  developed.  The  reddish  colored  shales  of  the  Marsh  formation 
appear  to  be  absent,  the  Cambrian  resting  on  buff  and  gray  arenaceous 
beds  below  the  reddish  beds  of  the  Tjewis  and  Clark  Pass  section.  The 
Helena  limestone  series  is  represented  by  435  feet  of  siliceous  limestones. 
Below  the  latter  a  great  thickness  of  gi-eenish  and  purplish  tinted  arena- 
ceous and  siliceous  beds  extend  downward  5,700  feet  before  any  more 

'Bull.  Geol.  Soc  Am.,  toI.  13,  p.  317. 

t  Doctor  Daly  writes  me  that  tbe  locality  is  at  a  point  on  Oil  creek  about  6  miles 
east  of  tbe  Boundary  monument  at  tbe  summit  of  tbe  Rocky  mountains  and  about  4 
miln  Dortb  of  the  line.  Through  tbe  courtesy  of  the  Geological  Surrey  of  Canada,  by 
Iioctor  Daly,  I  had  the  opportunity  of  examining  tbe  specimens.  They  are  identical 
In  tppearance  and  form  with  those  from  the  Newland  and  Altyn  formations. 

Ill — BcLL.  Geou  Soc.  Am.,  Vol.  17.  1905 
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Algonkian  Sections  op  Northwestern  Montana  and  Northern  Idaho 
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limestone  occurs.  This  series  correaponds  to  the  5,100  feet  of  the  Em- 
pire, Spokane,  and  Oreyson  strata  of  the  Belt  Mountains  section  above 
the  Newland  limestone.  Only  the  top  beds  of  the  latter  occur  at  the  base 
of  the  Dearborn  section. 

Continuing  northward  120  miles  Mr  Bailey  Willis's  section  of  the 
Lewis  range  shows  a  great  development  of  limestone  at  about  the  same 
horizon  as  the  Helena  limestone.  This,  the  Siyeh  limestone  of  Willis, 
has  an  estimated  thickness  of  4,000  feet.  It  is  dark  blue  or  grayish, 
weathering  buff,  and  contains  interformational  conglomerates  and  abun- 
dant remains  of  Cryptozoan,  a  form  unknown  in  the  Cambrian  and  Ordo- 
vician  rocks  of  the  Rocky  mountains,  but  which  is  abundant  in  the  lime- 
stones of  the  Algonkian  terranes.  The  presence  of  Cryptozoan  and  also 
the  stratigraphic  relations  described  by  Willis  indicate  that  the  Siyeh 
limestone  is  an  Algonkian  fonnntion.  The  series  of  limestones  at  the 
head  of  Xyack  creek,  illustrated  by  plate  6,  are  of  Cambrian  or  Ordo- 
vieian  age,  as  indicated  by  fragments  of  fossils  that  I  found  in  them. 
1  do  not  think  the  Siyeh  limestone  is  to  be  correlated  with  them,  nor  with 
the  Castle  Mountain  limestones  of  McConnell. 

The  Siyeh  (Helena)  limestone  is  overlain  by  1,500  feet  of  arenaceous 
and  siliceous  beds  corresponding  to  the  arenaceous  and  siliceous  beds 
above  the  limestone  of  the  Dearborn  section. 

Subjacent  to  the  Siyeh  limestone  there  is  3,800  feet  of  highly  siliceous 
and  argillaceous  rocks  (Grinnell  and  Appckunny)  corresponding  to  the 
5,100  feet  of  beds  of  the  Empire,  Spokane,  and  Grcyson  formations  of 
the  Belt  Mountains  section. 

The  sUiceous  beds  are  underlain  by  the  Altjm  limestone  formation, 
which  by  its  contained  fossils  and  lithologic  characters  is  identified  with 
the  Xewland  limestone  of  the  Belt  Mountains  section.  Typical  fragments 
of  Beliina  danai  of  the  Ncwland  limestone  occur  in  the  Altyn  formation ; 
also  Cryptozoan.  The  Altyn  limestone  forms  the  base  of  the  Lewis 
Range  section. 

The  great  Camp  Creek,  Mission  Eange  section  begins  at  a  point  35 
miles  northwest  of  the  Dearborn  section  and  about  85  miles  south  of  the 
Lewis  Range  section  of  Willis.  Its  upper  portions  are  marked  by  a  great 
development  of  arenaceous  beds  (la  of  section)  above  the  Helena  lime- 
stone horizon  of  the  Belt  mountains  and  the  Dearborn  section. 

Below  this  upper  grayish,  arenaceous  formation  there  is  a  thick  belt  of 
reddish  brown,  arenaceous  shales  (1,560  feet),  with  more  or  less  thin 
bedded  limestone,  alternating  irregularly  with  the  greenish  gray  bands  of 
shales  and  sandstones,  somewhat  as  in  the  Helena  limestone  series. 

This  is  underlain  by  5,191  feet  of  arenaceous  beds,  mainly  sandstones, 
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largely  reddish  brown  in  color,  with  interbedded  belts  of  grayish  red  and 
gray  sandstones  and  sandy  shales.  The  section  is  here  interrupted  by  a 
band  of  compact,  impure,  siliceous  and  arenaceous  gray  limestone  198 
feet  in  thickness.  The  occurrence  of  this  band  of  limestone  and  a  thin 
deposit  of  calcareous  Cryptozoan  500  feet  below  indicates  local  conditions 
favorable  for  the  deposition  of  limestone. 

Below  the  siliceous  limestone  there  is  a  great  series  of  reddish  gray  and 
reddish  sandstones  3,089  feet  in  thickness.  This,  with  the  arenaceous 
beds  above  the  limestone,  gives  a  total  thickness  of  8,280  feet,  which  is 
interrupted  only  by  the  one  band  of  siliceous  limestone  198  feet  in  thick- . 
ness.  This  series  appears  to  be  a  great  thickening  of  the  Empire,  Spo- 
kane, and  Greyson  formations  of  the  Belt  Mountains  section.* 

The  next  formation  below  (Blackfoot)  is  formed  of  shaly  limestones 
(see  plate  3)  alternating  with  thin  layers  of  gray  limestone,  2,500  feet 
of  the  thickness  of  which  is  largely  limeatone,  with  some  interbedded  and 
incorporated  siliceous  and  arenaceous  material.  The  lower  1,850  feet  is 
largely  a  highly  siliceous  limestone  with  bands  of  almost  purely  siliceous 
material.  This  limestone  series  has  abundant  remains  of  Cryptozoan. 
On  the  North  fork  of  Blackfoot  river  the  central  portions  of  the  lime- 
stones are  much  like  those  of  the  Newland  limestones  of  the  Belt  Moun- 
tains section,  while  in  the  Mission  range,  where  they  are  somewhat  meta- 
morphosed, they  present  the  bold  cliffs  and  hard,  massive,  flinty  layers 
characteristic  of  the  cliffs  of  Altyn  limestone  of  the  Lewis  Range  section. 

The  Blackfoot  series  appears  to  be  identical  in  stratigraphic  position 
and  character  with  the  Newland  limestone  of  the  Belt  Mountains  section, 
and  the  Altyn  limestone  of  the  Lewis  Range  section,  and  the  Wallace 
calcareous  series  of  the  Coeur  d'Alene  section  of  Idaho. 

Below  the  Blackfoot  there  is,  west  of  the  Mission  range,  a  series  8,255 
feet  in  thickness  of  purple,  greenish  and  gray,  siliceous,  and  arenaceous 
beds,  which  completes  the  section  measured  by  me  in  the  season  of  1905. 
This  series,  named  Havalli,  probably  represents  that  portion  of  the  Coeur 
d'Alene  section  between  the  Wallace  and  the  Prichard  series,  and  it  may 
be  a  part  of  the  upper  portion  of  the  Prichard. 

The  Coeur  d'Alene  series  does  not  appear  to  extend  upward  to  the 
horizon  of  the  Helena  limestone,  as  there  is  only  1,000  feet  of  the  reddish 
beds  above  the  Wallace  series  which  is  correlated  with  the  Newland  Lime- 
stone horizon. 

The  strata  below  the  Wallace  and  above  the  Prichard  are  correlated 
with  the  Ravalli  series;  and  the  Prichard,  which  is  composed  of  dark, 

*Mr  M.  Colleo,  of  White  Sulphur  SpringB,  Belt  mountalnB,  Montana,  wrote  me  In  the 
spring  of  1905  that  he  had  found  a  marked  unconformity  between  the  Greyson  shales 
and  the  Newland  limestone  on  Birch  creek. 
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Fjqubb  1.— Ciirr  of  typical,  bandbd,  abrnacrois  and  silickous  Suaiks  or  Spokane  Formation 
E(«lt  terrane,  on  Wolf  creek,  2  miles  below  Mitchell,  Big  Belt  mountains,  Montana.    C.  D.  W.,  1900 


FlOURE  2.— SUBFACK  OF    LITURNED    BkD8   OF   t^UARTZITK 

Thre«  systems  of  jointing  are  shown.    Grevson  shales.  Belt  terrane.  Deep  Crocu  canyon,  14  miles 
east  of  Townsend,  Big  Belt  mountains,  Montana.    C.  D.  W.,  1808 
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SIYEH  LIMESTONE 

^icneral  view  of  the  bftnd«d  phase  or  the  linrier<toiio,  with  ii|)ple-m.nketl  '4lrtbH  of  linn'stone  iu  the  foreground. 
Little  Kootna  creek.  Chief  Aiouiitaiii  qiiii(lr.inh'k\  Montana.     B.  Willis,  1901 
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Bailry  Willis 
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Bailey  Willis 


SPECIMENS  OF  CRYPTOZOAN  FREQUENS 
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shalj,  and   thin   bedded  siliceous   rocks,   with   the   Chamberlain   shale 
horizon  of  the  Belt  Mountains  section. 

The  various  correlations  outlined  are  represented  in  graphic  form  on 
the  table,  the  horizon  of  the  upper  limit  of  the  Newland  limestone,  at 
which  the  crustacean  fauna  appears,  being  taken  as  the  horizon  from 
which  to  correlate  the  various  sections.  Of  the  sections  mentioned  all 
but  the  liewis  Range,  Coeur  d'Alene,  and  Kootenay  sections  are  overlain 
l)v  unconformable  Middle  Cambrian  formations.  Only  one  section,  the 
Belt  mountains,  has  been  observed  with  its  base  in  contact  with  the 
Archean. 

Correlation  of  Montanian  with  Canadian  Sections 

Mr  Bailey  Willis  has  shown  the  intimate  relations  'l)etween  the 
Boundan-^  section  of  Dr  George  M.  Dawson  and  the  section  studied  by 
him,  crossing  the  Lewis  and  Livingston  ranges.*  The  formations  de- 
scribed by  Doctor  Dawson  are  the  northward  extension  of  those  named 
by  Mr  Willis. 

The  section  of  Mr  R.  G.  McConnell,  across  the  "Rocky  mountains" 
near  the  fifty-first  parallel,  includes  the  Bow  River  series  and  the  Castle 
Mountain  group.  The  latter  is  a  great  series  of  massive  bedded,  dolo- 
mitic  limestones,  below  becoming  more  shaly,  and  calcareous  above.  The 
included  fossils  prove  the  lower  portions  to  be  Cambrian  and  the  upper 
of  Ordovician  age. 

Of  the  Bow  River  series  Mr  McConnell  says  if 

'The  Bow  Kiver  group  forius  the  basal  member  of  the  section  in  this  part  of 
tlie  mountains,  and,  as  developed  along  the  line  of  railway,  consists  mainly  of 
a  jO'eat  series  of  dark-colored  argillites.  associated  with  some  sandstones, 
quartzites  and  conglomerates.  The  base  is  not  seen,  but  the  pail  exposed  has 
au  estimated  thickness  of  10,000  feet 

'The  argillites  are  usually  dark  grayish  in  color,  but  liecome  greenish  and 
purplish  in  places,  are  very  impure,  and  frequently  grade  into  flaggy  sandstones, 
which  are  often  slightly  calcareous. 

•The  conglomerates  characterize  more  especially  the  top  of  the  formation, 
and  octmr  in  thick,  massive  looking  bands,  alteniating  with  quartzites  and 
shales.  They  are  usually  firmly  cemented  into  a  hard,  unyielding  rock,  but  are 
also  met  with  in  a  little  consolidated  and  crumbling  condition. 

•The  qnartzites,  like  the  conglomerates,  are  mostly  found  in  the  upper  part 
of  the  formation,  and  sometimes,  as  in  Cathedral  mountain,  replace  the  latter 
altogether. 


♦Bull.  Geol.  See.  Am.,  1902,  vol.  13,  pp.  318-321. 

tGeoI.  and  Nat.  Ulst.  Survey  of  Canada,  pt.  D,  Ann.  Rep.,  1886,  pp.  20  D  and  30  D. 


22  C.  D.  WALCOTT — ALGONKIAN    FORMATIONS   OF   MONTANA 

"The  only  foBsHs  obtained  from  this  formation  were  collected  by  Dr  G.  M. 
Dawson  at  the  summit  of  the  Vennilion  pass  in  1884,  and  consist  of  a  couple 
of  trilobltic  impressions,  one  of  which  has  been  identified  by  Prof.  C.  D.  Wal- 
cott  as  Olenellus  gilhertif  a  characteristic  Lower  Cambrian  fossil." 

My  object  in  noticing  the  Bow  River  and  Castle  Mountain  sections  is 
on  account  of  the  occurrence  of  strata  that  appear  to  ]>elong  to  the  Castle 
Mountain  group  on  the  Continental  divide  at  the  head  of  Nyack  creek, 
Montana,  latitude  48°  30'.  These  beds  appear  to  correspond  to  the  Cam- 
brian and  superjacent  groups,  as  they  occur  in  the  Dearborn  River  section, 
latitude  47**  15'.  On  the  north  fork  of  Dearborn  river  the  Cambrian 
sandstone,  shales,  and  limestones  rest  unconformably  on  the  Algon- 
kian  and  have  a  thickness  of  2,205  feet.  These  are  overlain  by  1,385  feet 
of  limestones  referred  to  the  Ordovician  and  Silurian  and  3,255  feet  of 
Carboniferous  limestone,  a  total  of  6,845  feet  of  strata,  mainly  calcareous, 
above  the  Algonkian.  It  is  quite  probable  that  it  is  the  northward  exten- 
sion of  the  lower  portion  of  this  series,  that,  beneath  the  Carboniferous, 
forms  the"  Castle  Mountain  group  at  the  head  of  Nyack  creek,  and  also, 
still  farther  north,  in  the  section  of  Mr  McConnell.  On  Nyack  creek  the 
calcareous  strata  are  more  impure  and  massive  than  on  Dearborn  river. 
60  miles  south,  and  they  are  still  more  so  in  Mr  McConnell's  section,  130 
miles  to  the  north. 

Another  feature  is  introduced  in  the  Bow  River  series:  If  the  speci- 
mens of  Olenellus  reported  were  from  the  Bow  River  series,  then  we 
have  here  the  Lower  Cambrian  strata  that  are  absent  in  the  Montana 
sections,  as  there  the  Middle  Cambrian  strata  rest  unconformably  on  the 
Algonkian. 

Doctor  Dawson  has  described  a  second  or  western  series  of  "Cambrian" 
rocks,  which  he  correlates  with  the  eastoni  section  of  Mr  McConnell. 

Wcittern  Sectiofi  Eastern  Section 

(  Adums  lake. 25,000. . .  (  Custle  mountain  (lower  part) .  4,000 

Cambrian  |  Nigconuth   15,000. . .  |  Bow  river 10,000 

Of  the  eastern  section  he  said:* 

"...  Our  typical  and  most  carefully  surveyed  section  is  that  in  the 
Rocky  mountains  proper  or  Laramide  range,  on  the  line  of  the  Bow  River  pass. 
This  has  been  studied  by  Mr  R.  G.  McConnell,  and  it  is  the  only  section  for 
which  some  direct  paleontological  evidence  exists.f  The  base  of  the  Cambrian 
is,  however,  not  seen  in  this  section.  In  the  Gold  ranges,  where  the  Cambrian 
is  frequently  found  resting  on  the  Archean,  the  Nlsconlith,  its  lowest  recognized 

•Bull.   Geol.   Soc.   Am.,   1901,   vol.    12,   p.   65. 

t  For  details  of  the  Bow  River  Pass  section,  see  Annual  Report  Geological  Survey  of 
Canada,  vol.  li    (N.  S.),  part  D. 
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member,  varies  by  several  thousand  feet  in  volume,  showing  that  the  old  sur- 
face was  a  very  irregular  one  and  had  been  greatly  modified  by  denudation 
previous  to  the  deposition  of  the  NIsconlltli.  The  same  circumstance  has  been 
nqtlced  by  Mr  McOonnell  in  the  case  of  the  Bow  River  series  of  the  Laramide 
range,  where  it  is  found  resting  on  the  Archean  in  the  vicinity  of  the  Flnlay 
river,  over  400  miles  northwest  of  his  typical  section.*  proving  this  denudation 
Interval  to  be  a  very  important  one,  although,  as  already  noted,  there  is  often 
a  parallelism  in  strike  between  the  two  series  of  rocks." 

He  then  describes  the  general  characteristics  of  the  Bow  River  and 
Castle  Mountain  series,  and  then  says  of  the  Nisconlith  series  of  the 
western  section:! 

^'Passing  now^  to  the  next  mountain  system,  to  the  southwest  of  the 
r^ramide  range  and  parallel  with  it — the  Gold  ranges — we  find  in  the  Selkirk 
moontains  a  great  thickness  of  rocks  that  have  not  yet  yielded  any  fossils,  but 
appear  to  represent,  more  or  less  exactly,  the  Cambrian  of  our  typical  section. 
Resting  on  the  Archean  rocks  of  the  Shuswap  series  is  an  estimated  volume 
of  15,000  feet  of  dark  gray  or  blackish  argillite  schists  or  phyllites,  usually 
calcareous,  and  toward  the  base  with  one  or  more  beds  of  nearly  pure  lime- 
stone and  a  considerable  thickness  of  gray  flaggy  quartzites.  To  these  where 
first  defined  in  the  vicinity  of  the  Shuswap  lakes  the  name  Nisconlith  series 
has  been  applied.^  The  rocks  vary  a  good  deal  in  different  areas,  and  on  Great 
Shuswap  lake  are  often  locally  represented  by  a  considerable  thickness  of 
blackish  flaggy*  limestone.  In  other  portions  of  their  extent  dark  gray  quartz- 
ites or  graywackes  are  notably  abundant  Their  color  is  almost  everywhere 
due  to  carbonaceous  matter,  probably  often  graphitic,  and  the  abundance  of 
r-arbon  In  them  must  be  regarded  as  a  somewhat  notable  and  characteristic 
feature.  These  beds  have  also  been  recognized  In  the  southern  part  of  the 
West  Kooteuay  district  and  in  the  western  portion  of  the  Interior  plateau  of 
British  Columbia. 

•*The  Nisconlith  series  Is  believed,  from  its  stratigraphic  position  and  because 
of  its  lithologlc  similarity,  to  represent  in  a  general  way  the  Bow  River  series 
of  the  adjacent  and  parallel  Laramide  range,  but  there  is  reason  to  think  that 
its  upper  limit  is  somewhat  below  that  assigned  on  lithological  grounds  to  the 
Bow  River  series. 

*-Conformably  overlying  the  Nisconlith  in  the  Selkirk  mountains,  and  blend- 
ing with  it  at  the  Junction  to  some  extent,  is  the  Selkirk  series,  with  an  esti- 
mated thickness  of  25,000  feet,  consisting,  where  not  rendered  micaceous  by 
prensure.  of  gray  and  greenish  gray  schists  and  quartzites,  sometimes  with 
conglomerates  and  occasional  Intercalations  of  blackish  arglllltes  like  those  of 
the  Nisconlith.  These  rocks  are  evidently  In  the  main  equivalent  to  the 
Castle  Mountain  group,  representing  that  group  as  affected  by  the  further  and 


*Annaal  Report  Geological  Survey  of  Canada,  vol.  vll  (N.  S.),  p.  24  C. 

t  Loc.   clt,  pp.  66  and  67. 

t  Annual  Report  Geological  Survey  of  Canada,  vol.  Iv  (N.  8.),  p.  31  B. 

Ball.  Geol.  Soc  Am.,  vol.  2,  p.  170. 

Annual  Report  Geological  Survey  of  Canada,  vol.  vll  (N.  S.),  p.  31  B. 
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uearly  complete  substitution  of  .clastic  materials  for  tlie  limestones  of  its 
eastern  development. 

"In  the  vicinity  of  Shuswap  lakes  and  on  tlie  western  border  of  the  Interior 
plateau,  the  beds  overlying  the  Nisconlith  and  there  occupying  the  place  of  the 
Selklrlc  series  are  found  to  still  further  change  their  character.  These  rooks 
have  been  named  the  Adams  Lake  series.*  They  consist  chiefly  of  green  and 
gray  chloritic,  felspathic,  serlcitic,  and  sometimes  nacreous  schists,  greenish 
colors  preponderating  in  the  lower  and  gray  in  the  upi>er  parts  of  the  section. 
Siliceous  conglomerates  are  but  rarely  seen,  and  on  following  the  series  tx^ 
yond  the  flexures  of  the  mountain  region  it  is  found  to  be  represented  by 
volcanic  agglomerates  and  ash  beds,  with  diabases  and  other  effusive  rocks, 
into  which  the  passage  may  be  traced  by  easy  gradations.!  The  best  sections 
are  found  where  these  materials  have  been  almost  completely  foliated  and 
much  altered  by  dynamic  metamorphism,  but  the  approximate  thickness  of 
this  series  is  again  about  25,000  feet."! 

Of  the  section  along  the  International  boundary.  Doctor  Dawson 
wrote  :§ 

"A  thickness  of  at  least  11.000  feet  of  sandstones  and  shales  of  red,  gray,  and 
greenish  colors,  frequently  nlternntiug  and  including  several  contemporaneous 
trap  flows,  occurs  between  the  Continental  watei*8hed  and  the  Flathead  river. 
This  series  has  not  l)een  traced  into  wnnection  with  the  sections  previously 
described,  but  it  shows  some  resemblance  to  the  Selkirk  and  Castle  Mountain 
groups.  The  occurrenc^e  of  blackish  calcareous  argillites  and  sandstones  at 
the  base  may  indicate  the  presence  of  the  Bow  liiver  series  tliere.  while  a 
limestone  at  the  top  of  the  section  in  this  part  of  the  mountains  may  prove  to 
be  that  of  the  Castle  Mountain  group.** || 

Doctor  Dawson  considered  all  of  the  Adams  Tjake  and  Nisconlith  series 
to  be  of  Cambrian  age.  From  the  known  presence  of  upward  of  30,000 
feet  of  pre-Cambrian  unaltered  sediments  in  Montana  and  Idaho,  on  the 
strike  of  the  strata  of  the  Adams  Lake  and  Nisconlith  series,  it  appears 
to  be  more  probable  that  the  Nisconlith  and  most  of  the  Adams  Lake 
(Selkirk)  series  are  of  pre-Cambrian  age  and  to  be  correlated  with  the 
Belt  terrane^  as  developed  in  northwestern  Montana  and  northern 
Idaho. 

During  the  season  of  1904  Dr  Reginald  A.  Daly,  of  the  Geological 
Survey  of  C'anada,  studied  the  section  on  the  line  of  the  International 
boundary,  between  the  Kootenay  river,  at  Port  Hill,  Idaho,  and  the  east- 

*  For  the  Selkirk  and  Adams  Lake  Heries  see  reference!  above  given  for  Nisconlith 
series. 

t  Annual  Report  Geological  Survey  of  Canada,  vol.  vli   (N.  S.),  p.  35  B. 

t  Comprising  greenish  schists  8,100  feet,  grayish  schists  17,100  feet.  In  Bull.  Oeol. 
Soc.  Am.,  vol.  2,  p.  1G8,  the  thickness  is  given  in  error  at  half  the  above. 

i  Loc.  clt.,  p.  68. 

II  Annual  Report  Geoloirical  Survey  of  Canada,  vol.  1  (N.  S.),  pp.  SO  B,  51  B. 

ii  Belt  terrane  is  here  used  to  Include  the  entire  series  of  Algonklan  rocks  as  found 
In  the  Belt  mountains  and  westward  In  Montana  and  Idaho. 
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era  edge  of  Tobacco  plains.     Of  this  section  he  said  in  a  preliminary 
report:* 

"These  sediments  include  an  extraordinary  thickness  of  conformable 
quartzlte  and  argillites,  the  former  dominating.  The  whole  group  has,  on 
lithologic  and  stratigraphic  grounds,  been  divided  into  four  series.  The  lowest 
series,  the  Creston  quartzite,  is  composed  of  9,500  feet  of  wonderfully  homo- 
geneous, highly  Indurated,  thick-platy  gray  sandstones.  Overlying  the  Creston 
quartzlte  is  the  Kitchener  quartzite,  a  second  series  of  ancient,  hard  sandstones 
aud  interbedded  argillites,  carrying  a  high  proportion  of  disseminated  iron 
oxides.  These  rusty  rocks  are,  relatively,  thin  bedded  and  bear  very  abundant 
sun  cracks  and  ripple  marks  on  horizons  ranging  from  top  to  bottom  of  the 
series.  The  thickness  of  the  Kitchener  quartzite  is  about  7,400  feet  It  is 
itself  conformably  overlain  by  at  least  3,200  feet  of  thin  bedded,  red  and  gray 
argillaceous  strata  which,  together  with  subordinate  thin  beds  of  light  gray 
quartzites,  make  up  the  formation  I  have  called  the  Moyie  argilUte.  The 
youngest  member  of  the  four  sedimentary  divisions  is  the  Yahk  quartzite,  com- 
Iiosed  of  white  to  gray  indurated  sandstones  bedded  in  thin  to  medium  courses. 
The  top  of  this  series  was  not  seen ;  the  whole  thickness  observed  Is  500  feet. 
The  total  observed  thickness  of  conformable  strata  is  nearly  twenty  thousand 
feet  Neither  the  bottom  of  the  Creston  quartzite  nor  the  top  of  the  Yahk 
quartzite  appearing  in  the  sections,  it  is  certain  that  this  great  thickness  is 
only  a  minimum  thickness." 

•The  westward  extension  of  this  sedimentary  series  was  mapped  and 
measured  during  1903  in  the  boundary  belt  immediately  west  of  the  Kootenay 
at  Port  Hill.  There  the  strata  corresponding  to  the  Creston  quartzite  are 
conglomerates,  grits  and  coarse  sandstones  as  well  as  fine  grained  sandstones, 
and  are  thus,  on  the  whole,  notably  coarser  than  they  were  found  to  be  any- 
where in  this  season's  belt  The  equivalent  of  the  Kitchener  quai*tzite  is  less 
strongly  charged  with  argillaceous  beds  than  is  the  Kitchener  quartzite  east 
of  the  Kootenay.  These  facts  point  to  the  conclusion  that  the  shoreline, 
whence  the  materials  composing  the  stratified  formations  were  derived,  lay 
to  the  westward  and  that  the  open  sea  and  deeper  water  lay  to  the  eastward 
of  the  western  crossing  of  the  Kootenay  river  at  the  International  boundary. 

**Thl8  conclusion  was  strikingly  confirmed  on  carrying  the  section  towards 
Gateway.  It  was  found  that  both  the  Ci-eston  quartzite  and  the  Kitchener 
quartzite  gradually  became  charged  with  interleaved  beds  of  calcareous 
quartzite,  calcareous  argillite  and  siliceous  limestone,  betokening  open-water 
conditions  during  the  formation  of  these  sediments.  In  fact,  the  transition  of 
the  great  quartzite  series  to  certain  of  the  more  calcareous  formations  of  the 
Rocky  mountains  has  become  the  best  working  clue  to  the  correlation  of  the 
rocks  of  the  Purcell  range  with  those  of  the  Rocky  Mountain  front  If  this 
conclusion  be  confirmed  by  the  further  eastward  extension  of  the  boundary 
section  next  year,  it  will  mean  that  the  Creston  and  Kitchener  quartzites  and, 
possibly,  also  the  Moyie  argillite  and  Yahk  quartzites  are  of  pre-Cambrian 
age.  The  nearest  relatives  of  the  Creston  and  Kitchener  quartzites  in  the 
Rockies  are  respectively  the  two  thick  members  of  the  Altyn  limestone  de- 

*  Summary  Report  Geological  Survey  of  Canada    for  1004,  issued  1905,  p.  96. 
IV — Bull.  Gbol,  Soc.  Am.,  Vol.  17.  1905 
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limited  by  Mr  Bailey  Willis,  who,  In  the  year  1901,  canled  out  a  i«ood 
surrey  of  tbe  boundary  belt  on  the  Montana  side.*  No  foaslls  havie,  aa  yet 
been  found  in  these  old  rocks  of  the  Purcell  range,  but  fossils  of  so<alled 
Algonkian  age  were  discovered  in  the  Altyn  limestooe/* 

In  a  letter  received  from  Mr  Reginald  A.  Daly  under  date  of  Novem- 
ber 3  he  says  of  the  work  of  the  season  of  1905 : 

"In  general  my  section  for  the  Livingston  range  is  quite  similar  to  that  of 
Mr  Willis,  though  I  seem  to  have  a  greater  thickness  of  the  AJtyn  represented — 
a  thickness  deduced  at  a  point  where  there  is  no  suspicion  of  any  considerable 
duplication  by  thrusts.  The  same  formations  appear  in  the  Galton  range  west 
of  the  Flathead  and  yet  show  systematic  contrasts  in  lithologic  characters 
when  compared  with  the  rocks  of  the  Livingston  range.  These  changes  are  at 
first,  as  one  goes  westward  from  the  Great  plains,  quite  gradual,  but  tbey 
quickly  mount  in  value  on  the  sixty-mile  section  across  the  Purcell  ranga  In 
brief  they  seem  to  depend,  in  the  large  way,  upon  distance  from  the  old  shore- 
line near  the  crest  of  the  southern  SelkJrks  not  far  from  Priest  River,  Idaho. 
The  whole  section  made  through  these  sediments  is  150  miles  long,  i.  e., 
between  Priest  River  and  the  Lewis  thrust.  The  section  is  a  cross-section,  not 
only  with  reference  to  the  present  mountain  axes,  but  also  of  the  geoflyncllnal 
bearing  the  sediments.  In  the  Selklrks  at  the  Boundary  the  latter  are  coarse 
and  heterogeneous;  in  the  Purcells,  medium  grained  and  homogeneous  (sand- 
stones, now  quartzltes) ;  in  the  Galton  and  Livingston  ranges,  fine  grained  and 
heterogeneous  as  described  by  Mr  Willis.  Thicknesses  are  very  great  at  all  the 
best  sections.  I  regret  to  report  no  fossils  except  In  the  Altyn,  though  I  have 
searched  carefully  for  nearly  three  seasons.  I  am  of  the  opinion*  however, 
that  tbe  Siyeh  limestone  Is  to  be  correlated  with  McCk)nneirs  Castle  Mountain 
limestone." 

The  Creston  and  Kitchener  quartzites  appear  to  belong  to  the  lower 
portion  of  the  Algonkian  section,  corresponding  to  the  Prichard  siliceous 
series  of  the  Idaho  section,  or  it  may  be  that  the  Creston  is  older  than  the 
Prichard.  In  the  diagram  of  sections  I  have  made  a  tentative  correlation 
on  the  basis  that  all  of  the  Northern  Idaho  section  of  Daly  is  older  than 
the  Wallace  and  Blackfoot  calcareous  scries. 

SouBCB  OP  Sediments 

The  great  development  of  limestone,  accompanied  by  fine  grained 
sandstones  and  shales,  in  the  Belt  mountains,  the  Rocky  Mountain  front, 
and  westward  to  Idaho  indicate  offshore  deposits.  To  the  westward  Dr 
Reginald  A.  Daly  found  the  strata  west  of  the  Kootenay,  corresponding 
to  the  Creston  quartzite,  formed  of  conglomerates,  grits,  uad  coarse  sand- 
stones, as  well  as  fine  grained  sandstone.     It  is  also  to  be  noted  that 

•Bull.  Geol.   8oc   Am.,   vol.   13,   1902,   p.   306. 
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limestone  is  rarely  fbund  west  of  the  Missioii  range,  although  ihe 
siiiceovs  sedimenta  are  very  fine,  often-  indicating'  the  dfipoaiMoii  of 
siliceona  mud  rather  than  sands. 

The  great  source  of  sediments^  as  suggested  by  Doctor  Daly,  must 
haye  been  to  the  west  and  northwest  of  the  Kootenay  yalley.  A  more  or 
less  shallow  open  sea  extended  eastward  300  miles  or  more.  In  tiie 
vicinity  of  Neihart,  Montana,  there  is  a  trace  of  the  eastern  shoreline  in 
the  uplift  of  Archean  gneiss  and  schist,  with  the  basal  conglomerate 
resting  upon  it.  Occasional  beds  of  conglomerate  also  occur  in  higher 
formations  of  the  Algonkian  20  miles  and  more  away  from  the  Neihart 
Archean.  It  seems  probable  that  the  latter  exposure  is  of  an  area  that 
was  soon  buried  by  the  Algonkian  sediments,  and  that  the  main  eastern 
shoreline,  or  land  area,  was  still  farther  eastward  during  most  of  Algon- 
kian time.  Prom  the  character  of  the  Algonkian  sediments  of  the  Little 
Belt  mountains  it  also  appears  that  the  eastern  land  area  afforded  very 
little  coarse  material.  It  may  have  been  low,  sending  only  muds  and 
solutions  of  lime  and  silica  to  the  Algonkian  sea,  along  with  an  occasional 
rush  of  sand  and  fine  gravels. 

Summary 

The  Algonkian  rocks  which  form  the  subject  of  this  paper  represent  a 
total  thickness  of  37,000  feet  and  occupy  an  area  extending  from  the 
Little  Belt  mountains  on  the  southeast  to  the  vicinity  of  CcBur  d'Alene 
on  the  west  and  northward  into  British  Columbia.  The  Camp  Creek, 
Mission  Bange  section  occurs  near  the  center  of  this  area  and  is  taken 
as  the  type  because  of  its  great  vertical  extent  (24,770  feet)  and  the  fact 
that  it  is  capped  by  Cambrian  strata. 

In  the  four  sections  measured  by  the  writer  the  Algonkian  or  Belt  ter- 
rane  is  overlain  unconformably  by  massive,  coarse  grained  sandstones 
referred  to  the  Middle  Cambrian.  The  unconformity  is  usually  indi- 
cated by  great  changes  in  the  volume  of  the  underlying  strata  and  repre- 
sente  a  considerable  time  interval.  Prom  the  presence  of  Lower  Cam- 
brian fossils  in  the  Bow  River  series  of  McConnell  it  is  believed  that  this 
series  was  laid  down  during  the  erosion  interval  between  the  Algonkian 
and  the  Middle  Cambrian  in  Montana. 

The  physical  conditions  under  which  the  Belt  terrane  was  deposited 
are  very  clearly  indicated  by  the  change  in  the  character  of  sediment- 
ation from  the  conglomerates,  grits,  and  coarse  sandstones  on  the  north- 
west to  the  limestones,  fine  sandstones,  and  shales  on  the  southeast.  The 
land  area  from  which  these  sediments  were  mainly  derived  must  have 
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been  to  the  west  and  northwest  of  the  Kootenay  valley  at  Porthill,  Idaho. 
The  sediments  which  extend  300  miles  or  more  to  the  eastward  betray 
frequent  evidences  of  shallow  water  deposition,  and  in  the  Little  Belt 
mountains  indicate  that  the  eastern  land  area  was  of  low  relief  and  sit- 
uated still  farther  to  the  east,  although  the  presence  of  a  limited  land  area 
is  shown  by  the  conglomerates  at  the  base  of  the  Algonkian  section  near 
Neihart. 
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Introductory  Considerations 
barthquakb  op  bbptbmbbb,  1899 

The  San  Francisco  Examiner  for  September  25,  1899,  contains  a  letter 
sent  from  Yakutat,  Alaska,  September  17,  by  the  Reverend  Sheldon  Jack- 
son, giving  a  vivid  but  exaggerated  account  of  a  series  of  earthquake 
shocks  beginning  September  3  and  still  continuing  at  the  date  of  writino: 
the  letter.     Some  of  the  statements  are  evidently  erroneous,  but  many 
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of  them  were  verified  by  us.*  The  first  shock  occurred  September  3,  and 
there  were  shocks  at  intervals  until  September  10,  when,  at  9.20  a  m, 
they  began  to  be  alarming.  There  were  52  shocks,  culminating  in  one  of 
great  violence  at  3  p  m.  The  land  swayed,  the  waters  of  the  bay  rose 
and  fell  8  to  10  feet  every  few  minutes,  and  violent  eddies  were  set  up 
in  the  harbor,  washing  into  the  sea  an  Indian  burial  ground  at  Port  Mul- 
grave,  opposite  Yakutat.  Most  of  the  natives  and  whites  were  panic- 
stricken,  abandoning  their  houses  and  retreating  to  tents  on  the  neigh- 
fwring  morainic  hills.  There  was  another  violent  earthquake  September 
15,  and  other  shocks  until  September  20. 

A  party  of  prospectors  was  encamped  on  the  shore  of  Russell  fiord 
near  the  Hubbard  glacier,  and  their  experiences,  as  related  to  us  by  one 
of  the  party,  Mr  Flenner,  were  full  of  excitement  and  danger.  The 
ground  rocked  so  that  they  could  not  remain  on  tlieir  feet ;  the  front  of 
Hubbard  glacier  was  broken  into  fragments;  great  water  waves  washed 
them  and  their  equipment  back  on  the  moraine;  a  lake,  marginal  to 
Hubbard  glacier,  burst  its  barrier;  and  huge  avalanches  descended  the 
mountain  sides.  The  prospectors  finally  escaped  with  such  equipment 
as  they  could  save,  though  on  their  way  to  Yakutat  they  were  again 
placed  in  danger  by  the  earthquake  of  September  15.  That  the  ex- 
periences related  by  Mr  Flenner  are  in  the  main  correct  there  can  be  no 
doubt,  and  that  his  party  escaped  destruction  is  remarkable,  in  view  of 
the  clear  evidence  of  the  cataclysm  still  recorded  along  the  shores  of  the 
bay.  So  far  as  could  be  learned,  there  was  no  loss  of  human  life ;  but  at 
that  time  of  year  the  natives  are  not  liable  to  be  in  the  bay,  and  their 
village  is  from  15  to  30  miles  or  more  from  the  centers  of  disturbance. 

It  is  a  well  known  fact  that  an  earthquake  shock  in  September,  1899, 
did  such  damage  to  the  Muir  glacier  on  Glacier  bay,  140  miles  southeast 
of  Yakutat,  as  to  render  access  to  it  impossible  by  the  tourist  steamers 
for  several  seasons.  It  will  be  most  interesting  to  learn  whether  the 
phenomena  so  clearly  recorded  around  the  shores  of  Yakutat  bay  are 
duplicated  in  the  Glacier  Bay  region. 

Although  we  knew  in  general  terms  that  there  had  been  an  earthquake 
in  the  Yakutat  Bay  region  in  1899,  we  were  totally  unprepared  for  the 
clear  and  striking  proof  of  it  that  we  found,  or  for  the  evidence  of  the 
remarkable  changes  of  level  which  accompanied  it.  It  is  the  purpose  of 
this  paper  to  state  with  some  fullness  the  evidence  of  the  changes  which 
were  associated  with  this  earthquake  and  to  venture  some  interpretations 
based  on  .this  evidence.     Altogether  it  is  the  most  remarkable  instance  of 

*  The  only  reaaoo  for  referring  to  this  is  that  it  is  the  only  first-hand  published  ac- 
eouDt  of  the  earthquake  which  we  nave  seen. 
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change  of  level  so  far  recorded ;  and  the  fact  that  it  is  possible  to  assign 
to  it  an  exact  date  is  of  considerable  importance. 

LOCATION  AND   GENERAL  PHYBIOGRAPHT 

Yakntat  bay  is  a  deep  indentation  in  the  unbroken  concave  stretch  of 
coastline  between  Cross  sound  and  Controller  bay.  This  smooth  coast  is 
backed  by  the  lofty  Fairweather  and  Saint  Elias  ranges,  which  reach  their 
culminating  heights  in  mounts  Saint  Elias  and  Logan,  18,000  and  19,540 
feet  respectively.  The  mountains  do  not,  however,  rise  directly  from  the 
sea,  but  are  faced  by  a  low  foreland,  or  coastal  plain,  of  glacial  debris, 
broadening  toward  the  northwest,  and  on  the  northwest  side  of  Yakutat 
bay  still  occupied  by  the  ice  plateau  of  Malaspina  glacier.  Yakutat  bay, 
which  lies  about  40  miles  southeast  of  mount  Saint  Elias,  pierces  the 
Yakutat  foreland  as  a  V-shaped  bay.  On  its  western  side  the  bay  is  bor- 
dered by  the  low  foreland  (here  glacial  gravels  from  the  Malaspina  and 
other  existing  glaciers)  ;  but  on  the  eastern  and  southeastern  sides  tlie 
foreland  forms  the  coast  for  only  about  half  its  length  (see  plate  23,  oppo- 
site page  54).  This  part  of  the  southeastern  shoreline  (see  plate  16, 
figure  2)  is  very  irregular  and  is  fronted  by  an  archipelago  of  low  islands 
of  glacial  debris.  The  northern  half  of  the  bay  has  for  its  eastern  shore 
a  mountainous  land  rising  abruptly  to  elevations  of  3,000  to  4,550  feet. 
This  shore  is  straight  and  precipitous,  and  the  mountain  front,  against 
which  the  foreland  is  built,  also  rises  abruptly  along  a  straight  line  which 
truncates  the  mountain  spurs*  (see  plate  22,  figure  1). 

Yakutat  bay  merges  northward  into  a  narrower  arm,  called  Disen- 
chantment bay,  which  is  a  true  fiord,  walled  on  both  sides  by  steeply  ris- 
ing mountains.  It  extends  from  points  Funston  and  Latouche  on  the 
south  to  Hubbarii  glacier,  which  forms  its  head  with  an  ice  cliflf  about 
4  miles  in  length.  A  second  tidal  glacier,  the  Turner,  enters  the  fiord 
through  a  valley  in  its  west  wall. 

At  Hubbard  glacier  the  inlet  turns  at  a  high  angle,  and  thence  on  to 
its  head  is  called  Eussell  fiord.  North,  northeast,  and  northwest  of  this, 
mountains  rise  to  elevations  of  10,000  to  16,000  feet,  but  along  the  imme- 
diate shores  of  the  fiwd  the  mountains  rise  abruptly  to  elevations  of  only 
2,000  to  6,000  feet.  Russell  fiord,  which  extends  back  toward  the  Pacific, 
roughly  parallel  to  Disenchantment  and  Yakutat  ba3rs,  is  divisible  into 
three  sections:  (1)  a  northwest  arm,  with  straight  mountainous  shores; 
(2)  a  longer  south  arm,  with  a  much  more  irregular  mountainous 
shoreline;  and  (3)  the  head  of  the  bay,  an  expanded  extension  of  the 

•  RuBseU  (see  Nat.  Qeog.  Mag.,  vol.  ill«  1S91,  pp.  57  and  83)  Infers  faulting  here  on 
the  basla  of  topographic  form  and  geological  structure. 
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inlet  where  it  passes  beyond  the  mountain  front  out  into  the  foreland. 
A  small  bay,  Seal  bay,  up  whose  valley  lies  Hidden  glacier,  forms  the 
greatest  irregularity  in  the  coastline  of  the  south  arm;  but  at  the  angle 
between  the  south  and  northwest  arms  a  large  fiord  extends  eastward, 
nnder  the  name  of  Nunatak  fiord.  The  tidal  Nunatak  glacier  forms  its 
head. 

The  entire  inlet, — ^Yakutat  bay,  Disenchantment  bay,  and  Bussell 
Fiord — omitting  its  branch,  the  Nunatak  fiord,  has  the  general  shape 
of  a  bent  arm  with  the  shoulder  at  the  Pacific,  the  elbow  at  the  head  of 
Disenchantment  bay,  and  the  fist  at  the  expanded  head  of  the  bay  where 
the  fiord  extends  into  the  foreland  to  within  13  or  14  miles  of  the  ocean. 
From  the  ocean  around  to  the  head  of  Bussell  fiord  by  boat  is  a  distance 
of  70  or  75  miles.  Thus  our  studies  extended  along  more  than  150  miles 
of  shoreline  in  the  bay  and  fiord,  all  parts  of  which  were  seen  and  most 
of  which  were  studied  critically. 

Everywhere  the  indications  are  that  the  fiord  is  deep.  Soundings  have 
been  made  by  the  U.  S.  Coast  Survey  in  Yakutat  bay,  showing  an  irreg- 
ular bottom  deepening  toward  Disenchantment  bay.  At  the  mouth  of 
the  latter  bay,  near  point  Latouche,  there  is  a  depth  of  167  fathoms ;  and 
between  Haenke  island  and  Hubbard  glacier  Russell  reports  40  to  60 
fathoms.  Beyond  this  no  accurate  soundings  bave  been  made;  but  the 
shape  of  the  coast  and  the  absence  of  kelp  indicate  deep  water  throughout 
the  fiord. 

OBOLOGWAL  BTRUCTURB 

The  northeastern  shore  of  Bussell  fiord,  from  Hubbard  glacier  to  Nun- 
atak fiord,  is  made  of  highly  inclined  slates  of  undetermined  age.  Our 
expeditions  into  the  mountains  along  this  shore  discovered  a  variety  of 
crystalline  rocks,  both  igneous  and  metamorphic,  and  the  glaciers  bring 
down  only  these  classes  of  rock.  All  the  north  shore  and  the  eastern 
two-thirds  of  the  south  shore  of  Nunatak  fiord  are  also  bordered  by 
crystalline  rocks — ^granite,  and  steeply  dipping  gneiss,  schist,  slate  and 
stretched  conglomerate.  These  crystalline  rocks  end  abruptly  against  a 
younger,  practically  unmetamorphoscd  series  both  in  the  Hidden  Glacier 
valley  and  on  the  south  shore  of  Nunatak  fiord.  This  line  of  separation, 
interpreted  as  a  fault,  if  continued  would  extend  down  the  northwest 
arm  of  Russell  fiord,  on  one  of  whose  shores  the  rocks  are  crystalline, 
while  on  the  other  (southwest)  the  unmetamorphoscd  series  is  present. 

From  these  crystalline  rocks  to  the  foreland  there  is  a  complex,  called 
the  Yakutat  series  by  Russell,  forming  all  the  mountains  bordering  this 
part  of  the  fiord.    It  consists  of  thinly  bedded  black  shales  and  sandstones, 
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thick  beds  of  black  shale  conglomerate,  and  a  massive  gray  rock  which, 
with  the  incomplete  petrographic  work  so  far  done  on  it,  is  tentatively 
classed  as  an  indurated  tuff.  There  are  other  rocks  in  lesser  quantities, 
and  the  entire  mass  is  complexly  folded  and  faulted,  both  on  a  large  and 
small  scale.  Small  faults  and  folds  occur  in  all  the  outcrops,  and  fre- 
quently a  score  or  more  appear,  in  a  single  outcrop  a  few  square  yards  in 
area.  The  series  is  literally  crushed  and  'Tnieaded.^*  The  Yakutat 
rocks  are  very  barren  of  fossils,  and  from  those  which  we  were  able  to 
collect  it  has  not  been  possible  to  determine  their  age.  Ulrich*  classifies 
this  series  as  Liassic. 

A  third  series  of  rocks  occurs  in  a  few  outcrops  two  or  three  miles  from 
the  head  of  Yakutat  bay,  on  the  west  side.  These  rocks  are  mainly  gray 
sandstones,  clays,  and  carbonaceous  shales,  with  some  small  beds  of  lignite 
coal.  They  stand  at  a  high  angle,  but  are  not  complexly  folded  and 
faulted  like  the  Yakutat  series,  from  which  they  are  apparently  separated 
by  a  fault.  A  tentative  determination  of  Pliocene  age,  based  on  a  pre- 
liminary examination  of  the  plant  fossils,  has  been  placed  by  Knowlton 
on  this  coal-bearing  series. 

Outside  of  the  mountain  front,  as  already  stated,  a  foreland  of  glacial 
gravels  extends  to  the  sea ;  but  near  the  head  of  Eussell  fiord  it  is  under- 
laid by  planated  Yakutat  series  and  granitic  rocks.  Elsewhere  no  hard 
rock  was  found  in  the  foreland ;  but  a  low,  butte-like  hill  rising  above  it 
some  distance  from  the  mountains  is  evidently  rock. 

PREVIOUS  EXPLORATIONS 

Professor  I.  C.  Russell  explored  Yakutat  bay  and  Disenchantment  bay 
in  1890.f  He  describes  the  earlier  explorations,  discusses  the  general 
physiography  and  geology,  and  pays  particular  attention  to  the  glaciers. 
In  1891J  Russell  extended  his  explorations  to  the  head  of  Russell  fiord. 
In  his  descriptions  he  clearly  points  out  the  faulted  and  folded  condition 
of  the  rocks  of  the  Yakutat  series  and  assigns  to  faulting  an  important 
part  in  the  production  of  the  physiography  of  the  region.  With  the  ex- 
ception of  some  gravel  terraces,  which  our  work  leads  us  to  assign  to  other 
origin,  Russell  mentions  no  elevated  shorelines.  He  does  call  attention  to 
a  submerged  forest  at  the  head  of  the  bay  which  we  also  saw. 

The  Harriman  expedition  visited  the  inlet  in  June,  1899,  three  montlis 
before  the  earthquake,  and  went  to  the  head  of  Russell  fiord,  landing  at 
several  points,  among  others  on  Haenke  island,  which  now  has  very  dis- 

*  Harriman  Alaska  Expedition,  vol.  iv,  1904,  pp.  126-146. 

t  Nat  Geog.  Mag.,  vol.  ill,  1S91,  pp.  63-208. 

X  ThJrteentl)  Annual  Report  U.  8.  Qeol.  Survey,  1881-2,  part  11,  pp.  1-91. 
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tinct  shorelines  elevated  17  to  19  feet.  Among  those  who  landed  here 
was  Dr  G.  K.  Gilbert,  whose  critical  studies  and  interpretations  of  aban- 
doned shorelines  are  well  kno^in.  The  fact  that  he  does  not  mention  an 
uplift  there,  where  the  uplifted  shorelines  are  very  perfect,  is  suggestive 
evidence  that  they  had  not  then  been  upraised;  and  this  conclusion  is 
amply  verified  by  other  evidence.  Doctor  Gilbert  describes  the  general 
physiography  of  the  region,  giving  especial  attention  to  the  glaciers,  in 
his  book  which  forms  a  part  of  the  series  of  Harriman  Expedition  mono- 
graphs.* 

In  July,  1901,  a  U.  S.  Pish  Commission  expedition,  under  the  direction 
of  Ensign  Cyrus  R.  Miller,  went  up  the  fiord;  and  while  his  description 
gives  no  information  of  the  change  in  level  which  had  occurred,  one  of  his 
photographs*  plainly  shows  a  part  of  the  elevated  shoreline  of  Haenke 
island.  He  does  state,  however  (page  384)  that  around  the  circular  lake 
on  the  foreland  at  the  mountain  base  (to  which  we  have  given  the  name 
Miller  lake),  the  eastern  and  western  shores  were  covered  with  dead 
spruce  and  hemlock,  said  to  have  been  killed  during  the  earthquake  of 
September,  1899.     This  lake  lies  on  one  of  our  inferred  fault  lines. 

GENERAL  STATEMENT  OF  OBSERVATIONS  IN  1905 

Our  work  along  the  shores  of  Yakutat  bay  and  Bussell  fiord  extended 
from  June  24  to  September  2.  We  found  that  the  shorelines  of  the  inlet 
had  been  differentially  deformed  and  the  mountain  rocks  in  places  shat- 
tered by  minor  faulting.  Parts  of  the  coast  show  no  change  in  level; 
gome  areas  are  depressed ;  but  throughout  most  of  the  coast  there  has  been 
uplift  of  from  one  to  ten  feet.  Locally  the  uplift  far  exceeds  this  figure, 
along  one  shore  attaining  a  maximum  of  47  feet  4  inches.  The  evidence 
of  these  changes  is  varied  and  can  best  be  presented  under  different 
headings. 

Physiographic  Evidences  of  recent  Uplift 

elevated  rock  benches 

At  various  points  about  the  shores  of  the  fiord,  rock  benches  stand 
higher  than  the  cutting  zone  of  present  waves.  They  vary  in  width  from 
a  foot  or  two  to  30  or  40  feet,  and  are  planed  across  all  sorts  of  structures 
and  all  kinds  of  rocks.  In  numerous  instances  small  streams  cascade 
over  their  edge,  owing  to  the  introduction  of  the  hanging  valley  condition 
by  the  uplift.     In  general  the  benches  are  broadest  where  the  rocks  are 

•  Alaska— Tol.  Hi,  Glaciers  and  Glaciation,  by  G.  K.  Gilbert,  1004,  pp.  46-70. 
t  Plate  xllT,  opposite  p.  392.  Bull.  U.  S.  Fisb  Comm.,  vol.  zzi,  1901. 
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weakest  or  exposure  to  wave  cutting  was  greatest.  On  the  promontories 
they  usually  form  flat-topped  benches,  and  along  straight  reaches  of 
rocky  coast  angular  notches  planed  in  the  rocks,  frequently  with  uncon- 
sumed  reefs  and  stacks  on  the  outer  margin.  These  benches  (see  plate  13, 
figure,!)  often  form  an  opportunity  for  travel  along  the  coast  in  places 
where  at  the  present  stand  of  the  sea  it  is  impossible  to  even  land  from  a 
boat.  In  fact,  along  the  present  coast  many  of  the  headlands  rising  out 
of  deep  water  have  been  so  slightly  affected  by  the  waves  during  the  brief 
period  since  the  uplift  that  even  the  glacial  scratches  and  polishing  have 
not  been  removed  by  the  waves,  and  can  be  actually  traced  continuously 
from  above  high  tide  down  to  and  beneath  the  low-tide  mark. 

Where  the  uplift  has  been  slight — that  is,  not  over  a  foot  or  two — it  is 
often  diflScult  to  distinguish  the  older  benches  from  those  now  forming, 
since  they  merge  into  one  another ;  but  in  most  of  the  fiord  the  benches 
are  so  clear  cut,  and  so  elevated,  that  from  these  alone  one  could  be  certain 
of  the  presence  of  an  upraised  strand. 

Naturally  we  considered  the  possibility  of  other  explanations,  such  as 
glacial  marginal  channels  and  the  action  of  iceberg  waves  at  a  time  when 
tidal  glaciers  extended  farther  down  the  fiord ;  but  it  required  only  a  little 
observation  to  disprove  these  hypotheses  in  most  places.  The  widespread 
and  uniform  character  of  the  phenomenon,  and  the  almost  universal  asso- 
ciation of  barnacles  and  other  marine  organisms,  still  clinging  to  the 
rock  on  the  benches,  sufficed  to  effectively  dispose  of  other  explanations 
than  uplift. 

In  two  or  three  places,  notably  near  the  Hubbard  and  Nunatak  glaciers, 
there  is  evidence  of  wave  cutting  at  a  higher  level  than  at  present,  appar- 
ently performed  when  the  ice-fronts  were  nearer  these  shores  and  the 
waves  generated  by  calving  of  icebergs  more  effective.  Such  shorelines 
are  not  more  than  two  or  three  feet  higher  than  normal,  and  are  not  to  be 
confused  with  the  well  defined  elevated  shorelines,  which  in  reality  attain 
their  best  development  not  near,  but  at  a  distance  from,  the  tidal  glaciers. 

ELEVATED  SEA  CAVES  AND  CHASMS 

Some  of  the  rocks  of  the  Yakutat  series,  especially  the  thin  bedded 
black  shales  and  sandstones,  yield  more  readily  to  wave  attack  than  others, 
such  as  the  indurated  tuff  and  massive  conglomerate.  Accordingly  the 
shores  of  the  inlet  fumisli  many  instances  of  sea  caves  and  chasms ; 
but  in  those  parts  of  the  coast  where  the  wave-cut  benches  are  elevated 
these  phenomena  are  found  in  association  with  the  uplifted  shoreline  and 
not  with  the  present  stand  of  the  sea  (see  plate  13,  figure  2).    The  caves 
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KicrBE  1. — liOOKixo  North  alono  kast  Shouk  of  Disexchantmext  Bay,  .ilst  North  of 

Hakxke    Island 

Shows  17-foot  elevated  rock  bench  on  which  barnacles  still  cling 


FKiiJBE  2. — Elevated  Sea  Cave  on  ea.st  Side  of  Diskxchantment  Hay.  jitst  North  of 

Uaexke   Island 

t'pllfr  Is  17  to  18  feet.     Base  of  cave  now  well  above  h'ltah  tide.     In  middle  foreground,  below 
level  of  cave,  is  annual  laud  plant 


ELEVATED  ROCK  BENCH  AND  SEA  CAVE,  DISENCHANTMENT  BAY 
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Fn;ruK  1. — Klkvatkd  Bkacu  on  I'ock  IIknm'h  Lkvel  ox  kast  Sidk  ok  lit  sskll  Fioud 

liOi'jillty  Is  4  to  r»  tiilh's  south  of  Kusst'll  t-ovo.     Klovjitlon  here  \h  (J  feet  2  Inches.     New  vege- 
tatiou  In  fort'j;roiind.     Old  cottonwoods  and  alders  al>ove  beach  level 


KiGURK  2. — Klevatkd  Beach    (.'17   I'ekt>    on    west   Side  of   Disexcha.vtment  Bay,  above 

I'OINT  FLXSTOX 


ELEVATED  BEACHES,  RUSSELL   FIORD.  AND  DISENCHANTMENT  BAY 
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and  chasms  still  contain  shingle^  but  annual  plants  and  even  shrubs  grow 
in  it,  often  rising  up  against  and  shadowing  dead  barnacles  that  still 
cling  to  the  walls  of  the  chasm — a  new  life  springing  up  in  the  habitat 
of  the  old.  Some  caves  have  been  made  entirely  dry,  some  only  half  dry, 
the  tide  still  rising  into  their  lower  portions.  One  enormous  cave,  on  the 
south  side  of  Haenke  island,  rises  twice  as  high  above  high  tide  as  it 
did  before  the  uplift,  which  was  here  about  18  feet.  Waves  still  enter  its 
mouth,  but  now  never  rise  high  enough  to  reach  the  back  of  the  cave. 
Scores  of  similar  cases  were  observed  in  association  with  the  elevated 
rock  benches,  and  in  various  places. 

ELEVATED  BEACHES 

Tying  bench  to  bench  and  foreland  to  foreland,  at  appropriate  levels, 
are  the  perfectly  preserved  sand,  gravel,  and  boulder  beaches  of  the  lower 
stand  of  the  land  (see  plates  14  and  15).  Excepting  near  stream 
mouths,  they  are  all  in  the  form  of  pocket  beaches,  for  on  this  straight 
coast,  with  rocky  shores,  limited  supply  of  rock  fragments,  and  deep 
water  offshore,  bars  and  spits  have  not  usually  been  developed.  These  ele- 
vated beaches  vary  in  perfection  of  preservation  with  their  height  above 
present  tide,  position  in  relation  to  drainage  from  the  land,  and  the 
effectiveness  of  present  wave  attack.  Some  are  as  perfectly  preserved  as  if 
they  were  merely  beaches  exposed  at  low  tide.  An  excellent  illustration 
of  such  a  beach  lies  south  of  Turner  glacier,  where  there  was  an  elevation 
of  37  feet  (see  plate  14,  figure  1) ;  and  the  attack  of  the  waves  in  the  six 
years  of  its  exposure  has  merely  trimmed  its  front  into  a  cliff,  revealing 
an  excellent  beach  section  of  cross-bedded  sand. 

Some  beaches  reveal  a  mere  gravel  veneer  on  a  rock  floor,  and  are 
hoisted  so  high  that  the  M'aves  can  not  reach  the  gravel,  but  are  now 
working  on  the  rock  basement.  Others  are  cut  back  by  the  waves  and 
deeply  gullied,  and  bid  fair  to  speedy  destruction.  Still  others  are  almost 
continuous  with  the  present  beach,  being  separated  by  only  a  slight  notch 
(see  plate  15,  figure  1) ;  and  many  are  actually  continuous  with  the 
present  beach  (see  plate  15,  figure  2),  the  boundary  between  the  two 
being  merely  a  line  of  drifted  seaweed  or  a  storm  beach,  below  which 
grasses  and  shrubs  do  not  grow.  In  such  places  the  width  of  combined 
old  and  new  beach  is  often  remarkable  (see  plate  15,  figure  2),  being 
in  one  place  fully  a  hundred  yards. 

Vegetation  grows  freely  upon  these  elevated  beaches  (see  plate  14, 
figure  1),  but  this  will  be  discussed  later.  They  make  splendid  camp 
sites  and  excellent  highways  for  shore  travel,  especially  at  high  tide.  It 
is  possible  to  travel  on  beach  and  bench  for  miles,  in  several  parts  of  the 
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fiord,  where  at  the  former  stand  of  the  land  travel  along  the  shore  at  high 
tide  must  have  been  impossible. 

BLBVATBD  ALLUVIAL  FANS,  OR  DELTAS 

Practically  everywhere  that  a  stream  enters  the  fiord,  in  places  of 
change  of  level,  there  is  found  a  characteristic  elevated  alluvial  fan.  Its 
front  is  usually  nipped  away.  Its  top  is  dissected  by  the  stream,  forced 
to  change  from  aggradation  to  degradation  by  the  lowering  of  its  base- 
level  (see  plate  16,  figure  1).  Many  streams  have  intrenched  themselves 
in  their  alluvial  fans  from  sealevel  to  the  head  of  the  fan,  and  are  now 
once  more  aggrading  at  their  mouths  and  in  the  lowered  channels  (see 
plate  15,  figure  1). 

Accompanying  this  change  has  come  a  growth  of  both  annual  and 
woody  plants  upon  the  upper  part  of  the  fan,  now  no  longer  reached  by 
the  fioods  of  the  aggrading  stream.  As  in  the  case  of  the  elevated 
beaches,  the  nipping  of  the  front  of  the  fans  varies  with  the  amount  of 
uplift  and  the  intensity  of  the  waves.  Another  factor  is  the  amount  of 
sediment,  for  some  of  the  larger  streams  have  built  deposita  in  front  of 
the  fans  and  thus  checked  the  nipping.  Some  small  fans,  in  areas  of 
marked  uplift,  have  been  so  nipped  as  to  form  pronounced  gravel  cliffs 
from  10  to  25  feet  in  height,  and  in  these  cliffs,  as  well  as  in  the  stream 
cuts,  the  internal  structure  of  the  fans  is  clearly  seen  (see  plate  16, 
figure  1). 

TILL  8H0RBLINEB 

At  certain  places  along  the  present  shore,  but  particularly  in  the  region 
of  marked  uplift  on  the  east  and  west  shores  of  Disenchantment  bay, 
parts  of  the  l)each  now  consist  of  compact,  unoxidized  blue  till.  The 
occurrence  of  such  a  clayey  deposit  on  a  beach  is  evidence  of  the  recency 
of  the  movement  which  exposed  it  to  the  waves.  How  fast  the  clay  is 
going  off  in  suspension  is  evidenced  by  the  muddy  water  along  the  shore 
wherever  these  till  shores  are  wave-washed.  They  can  not  last  long,  for 
the  waves  will  carry  off  the  clay  and  round  the  angular  pebbles  and  erase 
their  glacial  scratches;  then  normal  modern  pebble  beaches  will  replace 
these  novel  ones.  At  present,  however,  uplift  has  brought  within  the  reach 
of  the  sea  margin  the  boulder  clay  which  glaciers  laid  down  at  a  former 
stage  of  extension.  This  boulder  clay  may  be  ordinary  till  or  it  may  be 
an  accumulation  of  marine  silt  sprinkled  with  scratched,  angular  stones 
fioated  in  bergs ;  but  its  proximity  to  shore  suggests  the  former  explana- 
tion.    These  till  shorelines  are  in  all  cases  found  either  along  rock  shores 
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FnjiRE  1. — Elevated  Bkacii  oppositk  Marbi^e  1'uint,  xouthhast  Shore  of  Russell  Fiobd 

The  elevated  beach  Is  nipped  in  front  by  present  waves.  Mature  alder  thicket  on  right. 
Wave-planed  elevated  rock  bench  and  sea-cliff  in  background,  with  barnacles  In  place  on 
r<»ck»  7  feet  1  inch  above  present  high  tide  (see  plate  17,  figure  1) 


FioiRE  2. — Elevated  Beach   (7  Feet  7  Inches)   ox  northeast  Side  of  Uussell  Fiord, 

OPPOSITE  Mardle  Point  • 

Man  at  »nuare  stands  with  one  foot  on  line  of  highest  drift  seaweed,  the  other  on 
tioulder  coverea  with  dead  barnacles.  Present  beach  on  left  with  no  vegetation ;  elevated 
beach  with  young  vegetation ;  and  old  land   (on  right)   with  mature  alder  thicket 


ELEVATED  BEACHES,  RUSSELL  FIORD 
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Figure  1. — Dissected  uplifted  alluvial  Fax  half  Mile  South  of  Tukxek  Glacieb 

Showing   forest   and    topset   beds,      irpllft    here   33    feet    11    Inches.      Figure   of   man 
gives  scale.     Iceberg-borne  boulders  now  rest  on  ci*e8t  of  uplifted  fan 


Figure  II. — Louki.vo  Soutiiwaud  along  eastern  Shore  of  Yakutat  Bay  across 
Yakutat  Foreland  at  about  high  Tide 

Camera  stood  l.GOO  feet  above  sea.     Two  of  the  new  islands  In  Eleanor  cove  appear 

at  "R" 


UPLIFTED  ALLUVIAL  FAN  AND  NEW  ISLANDS 
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or  else  in  front  of  narrow  pocket  beaches ;  elsewhere  they  are  doubtless 
deeply  buried  beneath  beach  and  delta  deposits. 

NBW  RBEFB  AND  IBLAND8 

At  a  number  of  places  in  Yakutat  bay  and  its  extensions  the  depth  of 
the  water  has  doubtless  been  very  materially  altered  by  the  changes  of 
level,  but  unfortunately  we  have  no  soundings  to  demonstrate  this.  In 
at  least  two  places,  however,  new  land  was  raised  above  the  water  away 
from  the  coastline.  One  of  these,  indicated  on  the  map  (see  plate  23), 
lies  north  of  Haenke  island,  fonning  a  menace  to  navigation.  There 
are  two  long,  narrow  islets,  the  larger  approximately  50  feet  wide 
by  260  feet  long.  Both  are  rounded,  glaciated  surfaces  rising  out  of 
what  is  otherwise  apparently  a  deep  fiord,  judging  from  the  freedom 
with  which  large  icebergs  float  in  it.  Formerly  no  rocks  were  seen  here, 
even  awash  at  the  lowest  tides,  according  to  our  Indians.  Now  the  reefs 
are  thoroughly  uncovered  at  low  tide  and  not  quite  concealed  when  the  tide 
is  high.  Small  icebergs  strand  on  them  and  are  left  when  the  tide  goes 
out,  and  stones  from  the  melting  of  these  bergs  have  already  accumu- 
lated on  their  surfaces.  From  the  abundance  and  size  of  the  stranded 
rock  fragments  as  well  as  from  the  seaweed  growth  on  the  reefs,  it  is 
inferred  that  these  islands  were  shoals  in  the  bay  before  1899,  and  that 
icebeigs  went  aground  upon  them  even  then. 

Near  the  head  of  Eleanor  cove,  southeast  of  Knight  island,  and  almost 
at  the  base  of  mount  Tebenkof,  where  the  mountain  and  foreland  meet, 
there  are  four  small  islands  which,  according  to  our  Indians,  were  uplifted 
during  the  earthquake  (see  plate  16,  figure  2).  Three  are  of  rock,  one 
of  gravel,  doubtless  on  a  rock  core.  The  two  smallest  are  50  feet  long,  the 
two  largest  each  ab9ut  450  feet  long  and  75  feet  wide  in  the  broadest  part. 
Their  long  axes  are  parallel  and  approximately  parallel  to  the  mountain 
front  and  to  the  fault  which  is  inferred  h^re  (sec  fault  line  A,  plate  23). 
They  are  in  fact  almost  exactly  on  this  inferred  fault  line.  Before  1899 
two  of  these  islands  were  above  water  at  low  tide,  but  none  rose  above  high 
tide.  Now  two  are  visible  at  all  tides,  and  the  other  two  only  between 
mid  and  low  tide.  Thus  two  new  reefs  are  now  exposed,  one  of  rock  and 
one  of  gravel,  and  two  others,  previously  visible  only  at  low  tide,  are  lifted 
above  high  tide.  The  highest  of  these  reaches  3  feet  above  high  tide,  and 
on  its  crest  are  found  dead  barnacles  in  place,  thus  furnishing  testimony 
of  uplift  independent  of  that  supplied  by  the  natives. 

The  Indians  pointed  out  to  us  a  number  of  places,  through  which 
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canoes  can>  not  now  go,  where  small  islands  and  stacks  were  formerly 
separated  from  the  mainland  by  navigable  water. 

AMOUNT  OF  LAND  ADDBD  BY  UPLIFT 

We  have  no  quantitative  statement  to  make  regarding  the  amount  of 
land  added  by  this  uplift.  It  is,  however,  very  slight,  considering  the 
amount  of  uplift.  The  reason  for  this  is  that  the  shoi-es  of  the  fiord  in 
the  regions  of  marked  uplift  are  almost  everywhere  steep  and  the  water 
deep.  Consequently  the  new  shoreline  is  separated  from  the  old  by  a  steep 
grade,  sometimes  vertical  or  even  overhanging,  and  rarely  less  than  30 
degrees,  excepting  on  the  beaches  and  deltas.  On  the  deltas  and  larger 
beaches  the  coast  has  migrated  seaward  sometimes  more  than  a  hundred 
yards;  but  such  a  width  of  new  land  is  .distinctly  exceptional.  An 
attempt  was  made  at  a  rough  calculation  of  the  increase  in  size  of  Haenke 
island,  where  the  rock  slope  is  fairly  steep,  where  beaches  form  only  a 
small  percentage  of  the  shore,  and  where  the  uplift  was  marked  (17  to  19 
feet).  This  estimate  is  25  or  30  feet  of  new  land,  on  the  average,  around 
its  entire  shore. 

Biological  Evidences  op  Uplift 

BARyAOLBB 

In  most  parts  of  the  fiord  barnacles  are  abundant  on  the  rocky  shores 
at  present  sealevel ;  but  their  dead  remains  are  also  abundant  on  the  up- 
lifted shoreline,  and  very  often  are  more  abundant  there  than  in  the 
present  tidal  zone.  Two  species  (Balanus  carioms,  Darwin,  and  Balanus 
porcatus,  Darwin*)  cling  to  the  rocks  of  the  elevated*  shoreline  (see 
plate  17,  figures  1  and  2).  Naturally  in  places  of  considerable  uplift  the 
animals  have  not  grown  to  such  size  since  the  uplift  as  they  had  developed 
before.  Among  the  dead  barnacles  great  forms  an  inch  and  a  half  in 
diameter  are  not  uncommon ;  but  among  the  living  f onns,  where  the  uplift 
was  considerable,  three-eighths  of  an  inch  was  the  maximum  diameter. 
In  many  of  the  barnacles  the  inner  valves  are  still  held  together  by  the 
organic  tissue,  though  most  commonly  it  is  only  the  outside  shell  that 
remains  intact. 

These  dead  barnacles  were  found  on  all  the  uplifted  rock  coasts  where 
the  formation  is  not  too  fissile  to  retain  them,  and  their  absence  was 
decidedly  exceptional  in  regions  where  other  evidence  suggested  uplift. 
They  stand  out  clearly  on  the  dry  rock  surface,  especially  under  over- 
hanging cliffs,  and  are  so  readily  visible  from  a  boat  that  their  presence 

^  We  are  Indebted  to  Dr  W.  U.  DaU  for  the  identification  of  marine  animals  collected 
on  the  elevated  shoreline. 
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Ki(;t-ue  1. — Barnaclks  (xeau  Knife  and  Hammkr)  in  Tlace  on  Slate  Uock  7  Feftt  above 

HIGH  Tide 

North  shore  Uussell  fiord,  opposite  Marble  point.     Alders  4  years  old  hide  other  barnacles  In 

place 


Fl<;lHK  '2. IJAttNACLEM    (NEAU   KNIFE)    AND  MUSSELS    (ON    LEFT)    17   FEET  ABOVE  TIDE 

Kii^t  Kbore  DlKenchantment  bay,  north  of  Haenke  island   (near  plate  l.'i).     Alders  on  right 
and  other  young  plants  in  crevices  of  rocks 


BARNACLES  AND  MUSSELS  IN  PLACE  ABOVE  PRESENT  TIDE 
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waa  often  an  indication  of  an  uplifted  section  of  shore  even  before  the 
other  correlated  evidences  were  discernible.  They  are  very  commonly 
partly  hidden  by  annual  plants,  and  even  by  alder  bushes  with  from  one 
to  five  annual  rings  (see  plate  17,  figures  1  and  2). 

Very  often  the  barnacles  were  found  on  boulders  on  a  beach,  and  it 
may  be  pointed  out  that  while  such  occurrences  might  be  critically  reject<»d 
as  evidence  of  uplift,  because  stones  covered  with  barnacles  could  be 
thrown  up  by  waves  such  as  accompany  earthquakes,  in  all  cases  where 
such  occurrences  were  noted,  barnacles  were  found  adhering  to  adjacent 
rock  cliflFs  or  benches  at  equally  high  levels — positions  which  would  pre- 
clude such  objection. 

These  barnacles  were  an  important  .feature  in  this  study — first,  because 
they  initially  called  our  attention  to  the  fact  of  the  deformation ;  second, 
on  account  of  their  function  as  a  quantitative  measure  of  its  amount,  as 
stated  below.  The  fact  of  the  presence  of  dead  barnacles  fixed  to  the  rock 
in  the  midst  of  grasses  and  shrubs  early  attracted  our  attention.  From 
that  we  went  to  the  physiographic  fornis,  not  well  developed  on  the  site 
of  our  first  observation,  and  from  that  to  other  physiographic  evidences, 
to  other  biological  evidence,  and  to  the  human  testimony. 

MUBSELB 

Equally  widespread  in  the  fiord,  though  less  abundant  than  Balanus, 
is  the  conmion  mussel  (Myiiltts  edulis,  L.)  ;  and  its  shells  constitute  an- 
other of  the  characteristic  fossils  on  the  upraised  strand.  These  mussel 
shells,  which  turn  blue  when  exposed  to  the  air,  were  first  observed  from 
a  boat  in  Disenchantment  bay  in  clusters  about  18  feet  above  tide  water, 
when  we  supposed  them  to  be  clusters  of  blue  flowers  growing  in  niches 
in  the  rock.  Later  their  true  nature  was  determined,  and  it  was  found 
that  both  there  and  in  many  other  parts  of  the  fiord  the  mussels  were  still 
clinging  to  the  rocks  by  their  hair-like  byssus  (see  plate  17,  figure  2), 
another  evidence  of  the  recency  of  the  uplift.  Mjrtilus,  though  often 
present,  was  not  used  in  measuring  elevations,  partly  because  barnacles 
were  always  found  where  any  marine  life  clung  to  the  rock,  and  partly  be- 
cause the  mussels  were  much  less  frequently  attached  than  the  barnacles. 

BRTOZOANB 

Below  low  tide,  and  in  permanent  tidal  pools,  there  grows  along  the 
shores  of  the  fiord  a  pink  bryozoan,  forming  a  film  on  the  rock,  which 
on  exposure  to  the  air  turns  white.  On  those  parts  of  the  coast  which 
were  upraised  more  than  10  feet,  patches  and  bands  of  this  bleached  organ- 
ism clinging  to  the  upraised  cliffs  form  a  prominent  feature,  often  visible 
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at  a  distance  of  2  or  3  miles,  giving  the  appearance  of  a  whitewashed  rock 
surface  (see  plate  18,  figure  1).  In  places  it  still  extends  below  the 
water,  but  in  two  or  three  sections  it  has  been  hoisted  entirely  out  of  the 
sea.  Usually  the  top  and  bottom  borders  are  fairly  horizontally  in  defini- 
tion; and  the  painted  appearance  of  the  rocks  is  recognized  even  by  the 
natives  as  an  evidence  of  uplift.  This  whitened  surface  is  seen  especially 
clearly  south  of  Turner  glacier,  though  it  is  visible  in  several  other  parts 
of  the  inlet.  Abundant  fossils,  especially  Mytilus  (see  plate  18,  figure  1) 
and  Balanus,  occur  in  the  whitened  zone  and  generally  extend  several 
feet  above  it. 

OTHER  MARINB  OBaANiaUB 

.  The  only  other  marine  animal  found  clinging  to  the  uplifted  shorelines, 
in  such  a  position  as  to  leave  no  question  of  its  being  in  place,  was  the 
limpet  {Acnicta  pelta,  Each.).  In  a  few  instances  the  limpet  shells  were 
found  still  adhering  to  the  rock  in  little  protected  pockets;  but  most  of 
those  observed  on  the  high  level  shorelines  were  not  in  place  and  might 
therefore  have  been  carried  up  by  birds  or  washed  up.  The  same  is  true 
of  fragments  of  crabs,  skeletons  of  fishes,  and  both  fragments  and  perfect 
specimens  of  sea-urchins  {Strongylocentrotus  drobachiensis.  Mull.). 
Lying  loose  along  uplifted  shorelines  they  are  not  absolute  evidence  of 
change  of  level;  but  their  abundance  and  association  with  other  indis- 
putable biological  evidence  (notably  barnacles  still  fastened  to  the  rock) 
render  these  other  marine  fonns  valuable  as  correlative  evidence.  A 
more  satisfactory  case  was  the  finding  of  several  arms  of  a  starfish 
(Heliaster  Sp.)  by  digging  in  a  little  rock  crevice,  to  whose  sides  Mytilus 
was  adhering  in  abundance,  on  a  rock  bench  nineteen  feet  above  present 
sealevel. 

A  careful  search  failed  to  discover  any  rockweed  or  other  marine  plants 
on  any  of  the  elevated  shorelines,  either  loose  or  in  place.  That  in  six 
years  these  plants  should  have  entirely  disappeared  by  decay  was  to  us 
most  unexpected;  but  it  seems  nevertheless  to  be  the  case. 

MINOLINO  OP  LAND  AND  BEA  LIFE 

As  previously  stated,  vegetation  has  found  a  footing  where  marine 
forms  still  cling  to  the  rocks.  Thus  we  find  the  unusual  occupation  of 
the  same  area  by  plants  which  can  not  live  in  salt  water  and  animals,  still 
in  place,  which  can  not  exist  without  it,  although  all  of  the  latter  forms 
are  dead.  Besides  the  grasses  and  flowering  annuals,  shrubs  have  already 
sprung  up,  especially  the  willow  and  alder.  These  woody  plants  are  nota- 
bly small  ones.    Among  numerous  willows  and  alders  which  we  cut  down 
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Fiiii  RK   1. — White  Biiyozoax   Film   u\   40-foot   elevatkd   Suoueline 

West  side  Disenchantment  bay.  alwjiit  10  feet  l)elow  highest  dead  barnacles.     Many  mussels  in 
place.     Alders  not  over  4  years  old 


Fkjire  2.  — Aldkus  and  Coftonwood  killed  by  Sea  EvcuoArnMENT 

Southeast  Hide  of  head  of  Russell  fiord.     Fourth  of  mile  to  the  northeast  the  coast  is  elevated 

7  feet  4  inches 
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to  detennine  their  age,  it  is  notable  that  none  showed  more  thto  five 
annual  rings,  and  most  of  them  had  but  three  or  four,  which  of  itself  is 
fairly  clear  proof  of  the  association  of  the  uplift  with  the  earthquake  of 
September,  1899,  six  years  before. 

One  willow  tree,  growing  on  one  of  the  most  perfect  of  the  elevated 
beaches  (hoisted  42  feet),  near  Black  glacier,  threatened  to  prove  an  ex-  ' 
ception,  for  it  was  10  feet  high  and  fully  3  inches  in  diameter.  Cutting 
it  down,  we  found  its  heart  made  of  dead  wood,  with  four  new  rings  out- 
side. Evidently  it  was  an  uprooted  tree,  thrown  there  by  the  earthquake 
wave,  and  sprouted  in  its  new  location. 

PARALLEL  LINES  OF  DRIFTWOOD 

On  certain  of  the  elevated  beaches  driftwood  had  accumulated  previous 
to  the  uplift ;  and  lower  bands  have  been  piled  up  at  the  new  stand  of  the 
land,  so  that  parallel  lines  of  driftwood  mark  the  amount  of  uplift.  These 
are  particularly  clear  near  the  head  of  Russell  fiord,  where  driftwood  is 
abundant.  Vertical  measurements  between  these  lines,  with  the  Locke 
level,  form  part  of  our  quantitative  determination  of  the  deformation. 
In  most  cases  these  measurements  correspond  with  dead  barnacle  levels 
on  the  adjacent  rock  shores,  thus  checking  the  determination  and  proving 
the  validity  of  the  driftwood  evidence  of  uplift.  In  two  or  three  cases, 
however,  where  no  barnacles  could  be  found  in  place,  our  measurements 
are  based  solely  upon  the  parallel  lines  of  driftwood. 

DESTRUOTIOIf  OF  LIFE 

That  the  violent  earthquake  shocks  destroyed  much  marine  life  is  prob- 
able, and  the  natives  assert  that  after  the  shocks  the  shores  were  lined 
with  dead  fishes.  The  water  wave  also  did  much  destruction  on  the  land 
bordering  the  shore,  as  will  be  shown  later ;  but  the  most  widespread  de- 
struction now  visible  is  that  of  the  life  on  the  strip  of  coastline  between 
the  old  and  new  sealevels.  Here,  of  course,  the  destruction  was  prac- 
tically absolute.  Nearly  everywhere  the  old  forms  are  again  developing 
in  their  normal  habitat,  newly  located  for  them;  but  on  all  the  coasts 
that  were  uplifted  10  feet  or  more  the  evidence  is  clear  that  many 
forms  of  life  have  been  forced  to  begin  anew  in  a  zone  which  they 
did  not  previously  occupy.  This  is  proved  by  their  small  size 
and  relative  scarcity.  The  difficulty  of  starting  anew  is  in  some  places 
increased  by  the  smoothness  of  the  glaciated  rock  surfaces  at  present  sea- 
level.  On  numerous  points,  notably  near  Haenke  island,  seaweed  has 
been  able  to  take  hold  only  along  joint  planes,  and  it  grows  therefore  in 
shorty  narrow  lines  of  small  individuals. 
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South  of  Turner  glacier,  where  the  uplift  was  33  to  47  feet,  while  dead 
Mytilus  and  Balanus  are  abundant  all  along  the  abandoned  strand,  not 
an  individual  of  either,  nor  any  of  the  seaweed  (rock weed)  so  common 
elsewhere  in  the  fiord  were  found  growing  at  present  sealevel.  Here  the 
destruction  for  nearly  4  miles  was  absolute,  and  in  the  six  years  since 
the  uplift  the  common  forms  of  shore  life  have  not  yet  advanced  upon 
this  part  of  the  coast.  There  are  three  apparent  reasons  for  the  failure 
of  life  to  advance  on  this  coast  from  other  parts  of  the  fiord:  (1)  the  ice 
barrier  of  Turner  and  Hubbard  glaciers  to  the  north;  (2)  the  sand  and 
gravel-shore  barrier  to  the  south;  and  (3)  the  presence  of  an  outmoving 
current  of  water,  due  to  the  glacial  streams  from  Hubbard  and  Turner 
glaciers,  and  therefore  coming  from  a  region  in  which  these  marine  forms 
are  absent.* 

One  is  impressed  by  such  evidence  with  the  important  effect  of  changes 
of  level  on  life,  and  of  its  possible  influence  on  extinction  of  species  and 
change  of  environment  in  regions  of  unstable  coastlines  during  the  geo- 
logical past. 

Human  Evidence  op  Uplift 

general  evidence  of  recency 

The  human  evidence  of  deformation  of  the  shorelines  has  its  value 
largely  in  the  fact  that  it  checks  our  conclusions  upon  two  important 
points:  First,  that  the  elevation  took  place  in  connection  with  the  1899 
earthquake;  second,  that  all  the  movement  was  at  once  (that  is,  in  the 
same  month).  The  condition  of  the  beaches,  benches,  and  fans  suggests 
that  the  movement  was  recent  and  that  it  occurred  essentially  at  one 
time.  The  uniform  perfection  of  preservation  of  certain  of  the  marine 
forms  points  to  the  same  conclusions.  The  fact  that  vegetation  seems  to 
have  encroached  on  all  parts  of  all  the  beaches  at  once  (equally  old  plants 
at  all  levels  and  all  parts  of  each  .})each)  points  to  a  single  period  of 
uplift;  and  the  fact  that  of  these  plants  none  were  found  that  exceeded 
five  years  in  age  is  very  definite  confirmation  of  the  conclusion  that  the 
uplift  occurred  in  1899. 

NEGATIVE  EVIDENCE  OF  THE  BARRIMAN  EXPEDITION 

It  has  already  been  stated  that  the  Harriman  expedition,  with  a  corps 
of  trained  observers,  including  Dr  G.  K.  Gilbert,  was  in  the  bay  about 
three  months  before  the  earthquake.  They  report  no  evidence  of  recent 
uplift,  although  they  landed  on  parts  of  the  coast  where  uplifted  shore- 

*  We  are  not  certain  that  they  are  absent  between  Turner  and  Hubbard  glaciers,  for 
we  did  not  visit  that  coast;  but  from  a  distance  this  coast  appeared  to  be  occupied  hj 
alluvial  fans,  on  which  neither  barnacles  nor  mussels  could  thrive. 
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lines  are  very  clearly  preserved,  as  did  Russell  in  1890  and  1891 ;  and  both 
Russell  and  Gilbert  are  widely  known  for  their  studies  of  abandoned 
shorelines.  Moreover,  the  Harriman  ship,  the  George  W.  Elder,  sailed 
twice  very  close  to  the  site  of  the  present. uncharted  reefs  north  of  Haenke 
island.  In  the  absence  of  other  evidence,  these  facts  might  not  be  con- 
sidered conclusive  scientific  proofs  of  the  absence  of  uplifted  shorelines 
in  June,  1899,  and  they  are  therefore  offered  merely  as  suggestive  facts 
bearing  upon  the  question. 

NATIVE  TESTIMONY 

The  natives,  however,  tell  us  definitely  that  the  uplift  took  place  in  the 
fall  of  1899  and  in  connection  with  the  earthquake  at  that  time.  They 
assert,  moreover,  that  there  has  been  no  movement  since  then,  and  that 
there  had  been  none  in  recent  years  before  1899. 

Natives  notoriously  tell  you  whatever  you  want  them  to,  especially  if 
they  can  not  speak  your  language  well.  Therefore  in  questioning  the 
natives  care  was  taken  not  to  suggest  by  a  question  the  answer  desired. 
We  were  fortunate  in  having  with  us  an  exceedingly  intelligent  and  well 
educated  native,  J.  P.  Henry,  a  Sitka  Indian,  long  resident  at  Yakutat, 
who  both  spoke  and  wrote  English  well.  Again  and  again  he  pointed  out 
to  us  places,  even  before  we  reached  them,  where  changes  of  level  had 
occurred.  He  took  an  intelligent  interest  in  our  work  and  helped  us 
materially;  and  in  all  the  many  cases  where  verification  was  possible  we 
never  once  found  him  making  misstatements.  He,  and  our  other  native 
by  his  translation,  told  us  of  the  earthquake ;  of  the  fish  left  stranded  by 
the  receding  sea  (some  doubtless  thrown  up  by  the  earthquake  wave)  :  of 
the  appearance  of  new  islands ;  of  the  uplift  of  beaches  and  sea  paves ;  and 
of  the  whitened  bryozoan  film — all  striking  changes  between  the  two 
seal  hunting  seasons  of  1899  and  1900. 

No  uplift  took  place  at  Yakutat,  where  the  whites  live.  These  white 
men  seldom  penetrate  the  inner  bay,  and,  with  the  exception  of  one  or 
two  prospectors,  appear  to  know  nothing  of  the  details  of  the  change  of 
level,  nor  to  care  about  it.  One  of  the  prospectors,  W.  H.  Thompson, 
who  knows  the  bay  well,  verified  the  testimony  of  the  natives.  But  since 
the  Indians  hunt  seal  up  the  bay  every  spring,  especially  in  Disenchant- 
ment bay,  where  the  uplift  was  greatest,  and  are  familiar  with  the  coast- 
line in  intimate  detail,  their  clear  and  definite  statement  as  to  the  time 
of  occurrence  of  the  change  requires  no  corroboration,  once  we  are  con- 
vinced that  their  testimony  is  honestly  given,  as  is  undoubtedly  the  case 
in  this  instance.  As  has  been  shown,  however,  even  this  clear  and  definite 
testimony  is  but  one  of  a  series  of  proofs,  all  of  which  point  to  September, 
VI — Bull.  Gbol.  8oc.  Am.,  Vol.  17.   1905 
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1899,  as  the  time  when,  during  a  series  of  vigorous  earthquake  shocks, 
the  remarkable  defonnation  of  the  coastline  of  Yakutat  bay,  Disenchant- 
ment bay,  and  Bussell  fiord  took  place. 

Evidence  of  Depression 

Less  varied  in  character,  yet  equally  conclusive,  is  the  evidence  of  de- 
pression, shown  on  a  much  smaller  stretch  of  coast  and  naturally  masked 
by  the  sea.  The  encroaching  of  beach  sand  on  forest  and  the  consequent 
killing  of  trees  by  sand-smothering,  and  by  salt  water  reaching  their  roots, 
is  especially  well  seen  at  the  head  of  Russell  fiord  (see  plate  18,  figure  2). 

In  a  number  of  places  on  the  islands  and  shores  of  the  foreland  on  the 
southeast  shore  of  Yakutat  bay  this  encroaching  of  the  sea  is  also  well 
seen.  The  best  instance  in  this  vicinity  is  on  the  south  shore  of  Knight 
island  (see  plate  19,  figures  1  and  2),  where  beach  sand  extends  back  into 
the  spruce  forest  a  hundred  feet  or  more,  and  where  waves  of  present 
storms  are  overturning  great  trees  and  piling  their  wreckage  among  the 
living  spruce.  Here  also  the  rank,  sedgy  beach  grass  is  found  growing 
back  in  the  forest,  illustrating  once  more  the  battle  for  the  shore  strip 
between  land  plants  and  sea  or  shore  forms.  As  has  been  stated  (page 
35),  Ensign  Miller  speaks  of  dead  trees  on  the  shores  of  Miller  lake;  but 
their  relation  to  the  lake  is  not  made  clear. 

None  of  the  instances  of  depression  can  be  referred  to  encroachment  by 
waves,  for  they  occur  not  on  the  exposed,  but  on  the  lee  coasts.  That  it 
48  actual  depression  of  the  surface  is  proved  by  the  fact  that  over  consider- 
able areas  tree  roots  are  now  bathed  by  salt  water.  It  is  not  certain, 
however,  that  all  these  areas  of  depressed  surface  are  actual  instances  of 
a  downward  movement  of  the  crust.  They  all  occur  in  unconsolidated 
deposits,  and  the  depression  may  be  due  to  a  shaking  down  of  these  loose 
beds  during  the  earthquakes.  This,  however,  does  not  seem  probable, 
since  the  trees  are  not  thrown  down,  nor  even  inclined,  excepting  where 
the  waves  are  now  undermining  them.  That  the  change  is  a  recent  one 
is  proved  by  the  fact  that  many  of  the  trees  reached  by  the  storm  waves 
are  as  yet  only  partly  dead,  some  of  their  branches  still  supporting  the 
needle-like  leaves. 

Regions  of  slight  or  no  Movement 

Long  stretches  of  coastline  were  not  moved  either  up  or  down;  but  it 
was  often  difficult  to  be  certain  that  there  had  been  absolutely  no  move- 
ment, since  a  change  of  a  foot  or  two  one  way  or  the  other  would  leave 
only  faint  and  uncertain  evidence  of  the  movement.    In  these  cases  simply 
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FiGUKE    1. SUBMEBUED    FOREST,    SOUTH    POINT    OP    KNIGHT    ISLAND 

Dead  trees  and  beach  gravel  thrown  back  into  forest  among  trees  not  completely 
dead.     Submergence  about  5  feet 


Figure  2. — Submerged  Forest,  south  Point,  Knight  Island 
Beach  gravel  in  the  forest  and  beach  grass  growing  in  forest  edge 


SUBMERGED  FORESTS,  KNIGHT  ISLAND 
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negative  evidence  had  to  be  resorted  to.  With  no  dead  barnacles,  no  dis- 
cordant beach  or  bench,  no  encroachment  of  sand  on  vegetation,  it  wafi 
assumed  that  the  stand  of  the  land  had  been  maintained.  For  most  of 
the  area  this  assumption  is  undoubtedly  correct ;  because  the  lack  of  evi- 
dence of  change  is  characteristic  of  certain  coasts,  notably  on  the  foreland, 
in  a  part  of  Bussell  fiord,  and  in  Nunatak  fiord. 

The  latter  case  may  be  taken  as  typical  of  those  places  where  negative 
evidence  suggests  no  change  of  level,  though  there  may  have  been  a  very 
slight  uplift.  For  a  mile  from  the  glacier,  along  shores  from  which  the 
ice  has  retreated  since  the  earthquake  (proved  by  a  comparison  of  photo- 
graphs taken  in  1899  and  1905),  there  is  no  rock  bench  at  all  and  little 
marine  life.  For  the  next  mile  and  a  half  there  are  no  dead  barnacles  or 
other  marine  animals,  though  there  are  many  living  barnacles  between 
tides ;  but  the  higher  growing  seaweeds  were  bleached  or  crisped  as  if  by 
a  drought.  This  was  seen  nowhere  else  m  the  bay.  It  is  probable  that 
they  would  be  revived  by  the  next  spring  tide.  For  the  succeeding  2  or  3 
miles  there  is  a  rock  bench  a  trifle  too  high  for  present  wave  work,  but 
possibly  formed  by  iceberg  waves  when  the  glacier  front  was  nearer.  A 
few  dead  barnacles  were  found,  but  none  that  we  could  be  certain  were 
above  the  level  of  neighboring  live  ones.  Along  this  coast  we  were  not 
certain  whether  there  had  been  no  change  at  all  or  a  slight  uplift;  but  we 
were  convinced  that  the  uplift,  if  any,  did  not  exceed  a  foot. 

With  the  facts  observed  and  the  instruments  at  our  disposal  we  could 
not  make  more  definite  determinations*  in  such  places.  Consequently  we 
wish  it  to  be  understood  that  on  many  of  the  coasts  where  no  quantitative 
statement  of  uplift  or  depression  is  given  we  do  not  mean  to  assert  that 
there  has  been  absolutely  no  change,  but  merely  that  we  could  find  no 
<*onclusive  proof  of  such  change.  Where  the  evidence  suggests  the  prob- 
ability of  a  slight  uplift  or  depression,  the  plus  (+)  or  minus  (  —  ) 
sign,  with  a  query  ( ?),  is  placed  on  the  map  (plate  23). 

Effects  of  the  Eabthquake 

ly  GENERAL 

Besides  the  results  of  the  earthquake  mentioned  in  the  opening  section 
of  this  paper,  there  are  some  effects  still  visible  along  the  fiord  which  call 
for  a  word  of  description.  They  are  of  two  classes:  (1)  abundant  ava- 
lanches;  (2)   wave-swept  areas. 

EARTHQUAKE  AVALANCHES 

As  in  other  mountain  regions,  avalanche  effects  are  visible  in  many  parts 
of  the  mountains  surrounding  this  fiord ;  but  they  are  locally  far  more 
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abundant  than  normal,  and  without  any  evident  association  with  pecu- 
liarly favorable  rock  conditions.  Moreover,  they  reach  their  best  develop- 
ment in  sections  where  other  evidence  suggests  the  neighborhood  of  a  fault 
line  to  a  steep  mountain  slope.  The  most  abundant  avalanches,  far 
exceeding  in  number  any  seen  in  equal  area  either  on  the  1,000-mile  trip 
up  the  Inside  passage  or  elsewhere  in  the  Yakutat  Bay  region,  occur  along 
the  mountain  front  near  Knight  island,  and  thence  northward  along  the 
mountainous  shore  of  the  east  side  of  Yakutat  bay  to  point  Latouche. 
The  Indians  report  that  "the  mountain  face  was  here  entirely  changed  in 
1899;"  and  the  vast  extent  of  avalanches,  involving  hundreds  of  thou- 
sands of  tons  of  rock,  leads  one  to  accept  this  statement  as,  in  general, 
accurate. 

Along  the  shores  of  Disenchantment  bay,  also  in  a  region  of  inferred 
faulting,  there  is  an  excess  of  avalanches ;  but  the  absence  of  forest  here 
makes  their  presence  less  clear  and  striking.  We  fortunately  have  a 
photograph  taken  here  in  1890  by  Russell,  looking  into  the  valley  of  the 
Black  glacier  4  or  5  miles  south  of  the  Turner  glacier,  and  at  the  point 
where,  within  a  mile  and  a  half,  there  is  a  change  from  a  shoreline  with  no 
uplift  to  one  uplifted  42  feet.  A  comparison  of  this  photograph  with  the 
condition  in  1905  shows  remarkable  changes,  far  in  excess  of  what  would 
be  expected  from  normal  weathering  in  15  years.  Great  areas  of  alder 
and  grass-covered  slopes  have  disappeared;  talus  slopes  are  noticeably 
enlarged;  and  the  mountain  face  is  materially  altered  in  detail. 

In  marked  contrast  is  the  series  of  hanging  glaciers,  not  far  away, 
south  of  the  Turner  glacier,  delicately  poised  on  the  precipitous  moun- 
tain side  1,000  feet  or  more  above  a  shore  which  was  uplifted  33  to  47 
feet,  none  of  which  fell  in  1899.  One  of  these  did  slide  out  of  its  valley, 
hoAvever,  while  we  were  in  the  bay  in  1905.  This  indicates  moderate 
disturbance  at  points  away  from  the  actual  fault  lines. 

WAVB'BWBPT  ABBA8 

That  earthquake  water  waves  were  generated  by  the  shocks  of  1899  is 
proved  by  the  testimony  of  the  natives,  of  the  prospectoi-s  who  were  en- 
camped near  the  Hubbard  glacier,  and  of  the  white  residents  of  Yakutat. 
Throughout  most  of  tlie  inlet  no  evidence  of  destruction  by  these  waves  is 
found ;  yet  in  places  the  evidence  of  a  destructive  water  wave  is  very  clear. 
Parts  of  the  shores  of  the  fiord  are  unfavorable  to  the  preservation  of 
records  of  such  waves,  but  many  sections  are  very  favorable  and  yet  show 
no  evidence  of  an  earthquake  wave.  For  example,  the  low,  wooded  shores 
of  Knight  island  show  little  or  no  signs  of  disturbance  by  the  earthquake 
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East  shore  of  Yakiitat  bay,   mile  and  a  half  north  of   Logan   beach.      Avalanches  show  on 

mountain  face 
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View  westward  out  of  tlord  on  soutli  side  <»r  Nunataic.     Faults  extend  north  40  degrees  west 

(true) 
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wave,  while  north  of  there,  half  way  to  point  Latouche,  the  forest  is  swept 
away  over  a  considerable  distance  (plate  20,  figure  1). 

It  is  inferred  from  these  facts  that  the  destructive  earthquake  wave 
was  local  in  its  effects,  and  it  is  noteworthy  that  the  two  places  where  it 
has  left  the  clearest  records  of  its  destructiveness  are  along  the  lines 
where  we  have  the  best  evidence  of  faulting,  namely,  along  the  east  shore 
of  Yakutat  bay,  between  Knight  island  and  point  Latouche,  and  on  the 
west  shore  of  Disenchantment  bay,  near  Black  glacier. 

In  the  latter  place,  about  at  the  southern  end  of  the  high-level  shore- 
line which  extends  up  to  Turner  glacier,  the  cottonwood  forest  ends 
abruptly  approximately  a  quarter  of  a  mile  back  from  the  shore,  along  a 
line  which  is  fringed  with  piles  of  dead  trunks  at  an  elevation  of  30  feet 
vertically  above  the  driftwood  line  of  the  present  storm  beach.  That  this 
is  not  an  elevated  shoreline  is  proved  by  the  fact  that  between  it  and  the 
coast  is  an  old  dead  cottonwood  tree  in  place,  eroded  of  its  bark  at  the 
level  to  which  the  driftwood  reaches,  and  with  a  little  pile  of  driftwood 
on  its  northern  side.  Between  this  and  the  bay  are  many  mature  dead 
willows  in  place  w^ith  dead  shoots  broken  and  bent  southward. 

A  still  clearer  instance  of  destruction  by  the  earthquake  wave  is  found 
just  north  of  Logan  beach,  about  half  way  between  Knight  island  and 
point  Latouche  (plate  20,  figure  1).  Here  the  present  beach  is  littered 
with  trees,  often  with  branches  and  roots  still  clinging;  the  elevated 
beach  is  also  covered  with  forest  debris ;  and  a  still  higher,  older  elevated 
beach,  on  which  a  mature  forest  had  grown,  has  had  its  forest  almost 
completely  stripped  off.  Even  beyond  this  there  is  a  wild  confusion  of 
fallen  and  partly  fallen  trees.  There  is,  in  one  locality,  absolute  destruc- 
tion of  timber  up  to  40  feet  above  sealevel ;  and  between  it  and  the  present 
shore  there  is  a  tangle  of  fallen  trees.  The  trees  are  overturned,  twisted, 
broken,  and  uprooted,  giving  rise  to  such  a  scene  of  devastation  as  only 
rushing  water  could  produce.  Being  evidently  along  a  fault  line,  it  is 
probable  that  the  devastation  by  the  tidal  wave  was  assisted  by  a  prelim- 
inary shaking  of  the  gravelly  soil,  which  rendered  the  uprooting  of  the 
trees  here  easier  than  in  other  situations. 

At  cape  Stoss,  near  the  head  of  Russell  fiord,  there  is  proof  of  the  pas- 
sage of  a  water  wave  across  the  low  neck  of  land  which  joins  the  rocky 
cape  to  the  mainland.  This  proof  is  the  presence  of  enormous  quantities 
of  driftwood  on  the  neck  at  levels  well  above  that  of  the  upraised  shoreline 
at  this  point.  In  one  place  the  driftwood  is  wrapped  around  an  enormous 
boulder  near  the  highest  part  of  the  neck  and  several  hundred  yards  from 
the  beach.  The  natives  report  that  here,  and  in  other  places,  their  best 
wild  strawberry  beds  were  destroyed  during  the  earthquake,  and  have  not 
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since  developed  to  their  former  condition.  We  found  other  less  definite 
evidence  of  the  recent  presence  of  a  destructive  water  wave  in  several  parts 
of  the  fiord. 

Evidences  of  recent  Faulting 

recent  faults  on  gannett  nunatak 
At  several  places  small  faults  of  recent  date  wei*e  observed.  The  best 
and  most  typical  instance  is  that  on  Gannett  nunatak,  which  separates 
the  land  and  sea  ends  of  Nunatak  glacier  at  the  head  of  Nunatak  fiord 
(see  plate  23).  This  rock  hill,  reaching  an  elevation  of  about  1,450 
feet,  is  made  of  steeply  dipping  gneisses  and  schists,  striking  northwest- 
ward approximately  parallel  to  the  major  axis  of  the  Saint  Elias  chain. 
The  nunatak  is  double  crested,  and  the  soulhem  half  is  crossed  by  scores 
of  small  faults  (plate  20,  figure  2),  extending  continuously  from  a  few 
feet  to  over  200  yards,  and  with  throws  varying  from  an  inch  to  3  or  4 
feet  (plate  21,  figure  1),  but  usually  less  than  a  foot.  They  extend  ap- 
proximately along  the  strike  of  the  rock  (north  40  degrees  west,  true 
north),  but  some  small  faults  diverge  from  it,  and  a  few  short  ones  extend 
at  right  angles  to  the  strike,  connecting  neighboring  strike  faults.  The 
hade  is  nearly  vertical,  and  in  almost  all  cases  the  southwestern  side  of 
the  fault  is  the  upthrow  side,  though  there  are  a  few  with  an  upthrow  on 
the  northeastern  side.  There  are  some  fissures  (plate  21,  figure  2)  and 
a  few  instances  of  small  graben  blocks  (3  to  30  feet  wide)  between 
parallel  faults  (plate  21,  figure  2).  Some  of  the  faults  were  traced  up 
to  the  glacier  under  which  they  apparently  passed. 

Glacial  scratches  extend  up  to  the  edges  of  the  faults  and  are  there  dis- 
located, and  no  striae  occur  on  the  faces  of  the  fault-scarps.  Here  and 
there  the  faults  have  dislocated  a  thin  till  veneer  on  the  rock.  These 
f actfr  prove  that  the  faults  have  developed  since  the  ice  receded  from  the 
slopes  of  the  nunatak,  not  many  decades  ago,  and  possibly  since  Russell 
first  saw  it  in  1891.  That  they  are  very  young  is  proved  by  the  sharp 
angles  formed  where  the  fault  planes  intersect  the  surface,  even  when  the 
surface  material  is  till,  and  by  the  general  absence  of  notable  talus  slopes 
at  the  base  of  the  tiny  fault-scarps.  It  seems  incredible  that  these  fault- 
scarps  can  have  been  exposed  to  the  weather  longer  than  six  years ;  and, 
although  it  can  not  be  more  positively  demonstrated,  this  faulting  is  con- 
fidently correlated  with  that  deformation  of  the  crust  which  elsewhere 
in  the  region  has  been  definitely  determined  to  have  occurred  in  1899. 

RECENT  FAULTING  AND  AVALANCHES 

Our  first  observations  of  minor  faulting  and  ropk  fracturing  were  made 
near  the  edge  of  a  cliff  just  southwest  of  cape  Enchantment]  but  the  posi- 
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FiGL'RK   1. — Fault   Scakp    (3    Feet)    ox   (Jannett   Nunatak 
Cliff  extends  north  40  degrees  west    (true) 


Figure  2. — Gbabkn  Fault,  30  Feet  Wide  (betweex  Fault  Scarps  ox  Left  and  ix  Fore- 
ground), ox  Ganxktt  Nunatak 
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tion  was  such  as  to  make  it  possible  to  interpret  the  fracturing  there  as 
the  result  of  sapping  along  nearly  vertical  strata  above  a  stream-cut  cliff. 
On  Gannett  nunatak,  and  in  the  other  places,  the  situation  of  the  faults 
precludes  the  possibility  of  this  interpretation,  and  it  is  doubtful  if  even 
in  the  case  mentioned  the  interpretation  of  sapping  is  the  correct  one. 

Such  shattering  near  a  cliff  edge  would  not  only  cause  avalanches  dur- 
ing the  earthquake,  but  also  prepare  the  way  for  future  avalanche^  by 
opening  passageways  into  the  rock.  Thus  in  this  respect  faulting  is  an 
important  agent  of  denudation  in  favorable  localities. 

OTHER  INSTANCES  OF  RECENT  FAULTING 

Similar  faults  were  observed  in  a  number  of  other  places,  but  nowhere 
in  such  numbers  as  on  Gannett  nunatak.  Eecent  faults  were  discovered  on 
the  southern  slope  of  mount  Tebenkof  (strike,  north  45  degrees  west  and 
north  65, degrees  west,  true  north)  and  on  the  ridge  south  of  point 
Latouche  (north  85  degrees  east,  true  north),  where,  at  an  elevation  of 
about  1,900  feet,  there  are  a  number  of  faults  in  a  moraine.  Several  of 
these  have  a  throw  of  3  feet.  That  the  latter  can  not  be  due  to  landslip 
action  is  proved  by  the  fact  that  they  cross  a  valley  and  extend  up  the 
Blope  of  a  hill  near  its  middle  and  several  hundred  yards  away  from  the 
nearest  steep  slope.  Recent  faults  were  also  observed  by  Mr  Butler  and 
the  junior  author  on  a  nunatak  on  the  west  side  of  Lucia  glacier  and  on 
the  west  spur  at  the  south  of  Floral  pass. 

Thus  in  several  widely  scattered  localities  minor  faulting  was  obser\ed, 
and  in  a  number  of  places  not  visited  there  appeared  to  be  such  faults  on 
the  mountain  slopes;  but  no  case  of  a  single  major  fault-scarp  was  ob- 
served.    The  significance  of  these  facts  is  considered  in  a  later  section. 

Evidences  of  Older  Changes  of  Level 
evidence  of  older  fault  lines 

Largely  on  physiographic  evidence,  Russell  assigned  to  faulting  a  nota- 
ble part  in  the  production  of  the  topography  of  the  Yakutat  Bay  region, 
and  of  the  mountains  up  to  and  including  mount  Saint  Elias,  which  he 
describes  as  a  fault  block  recently  uplifted.  So  far  as  they  go,  the 
tendency  of  our  observations  is  toward  the  verification  of  Russell's  gen- 
eralizations, in  so  far  as  the  Yakutat  Bay  region  is  concerned.  The 
straight  mountain  front  from  Yakutat  bay  southeastAvard,  with  its  trun- 
cated mountain  spurs  (plate  22,  figure  1),  has  the  form  of  a  fault-block 
mountain  front,  though  we  have  no  facts  to  prove  that  it  is  not  an  ancient 
sea  cliff,  formed  before  the  deposit  of  the  gravels  of  the  Yakutat  foreland. 
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The  straight^  mountainous  east  shore  of  Yakutat  bay  north  of  Knight 
island,  also  explained  as  a  result  of  faulting  by  Kussell,  certainly  suggestis 
this  origin  by  its  form. 

Geological  evidence  in  the  form  of  abrupt  difference  in  rock  structure 
in  a  short  distance  (less  than  a  quarter  of  a  mile)  seems  to  demand  a 
fault  line  between  the  Coal  series  and  the  older  Yakutat  series  along  the 
mountain  face  west  of  Yakutat  bay,  and  between  the  Yakutat  series  and 
the  still  older  Crystalline  series  along  the  straight  stretch  of  the  lower, 
or  northwest,  arm  of  Russell  fiord.  One  of  these  inferred  lines  of  an- 
cient faulting  is  approximately  parallel  to  one  of  the  recent  movements. 

OLDBB  BLBVATED  SH0RBL1NB8 

That  faults  of  older  date  occur  in  this  region,  and  that. the  deformation 
of  1899  is  but  one  of  a  series  of  movements,  associated  with  a  progressive 
mountain  uplift  at  present  in  progress,  is  suggested  by  the  recognizable 
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FiouAB  1.— OoM-^eetton  of  northeast  Shore  of  Ruuell  Fiord,  oppotite  MarbU  Foint, 
niustrating  the  two  uplifts  recorded  there. 

remnants  of  older  uplifted  shorelines.  An  example  of  this  is  a  wave-cut 
cliff  with  a  narrow  beach  at  the  base  on  the  northeastern  shore  of  Kussell 
fiord  opposite  Marble  point  (figure  1).  The  older  beach  and  cliff  (see 
plate  15,  figure  1)  are  occupied  by  a  dense  alder  thicket  with  bushes  esti- 
mated to  be  over  25  years  old.  It  rises  about  4  feet  above  the  beach  which 
was  uplifted  in  1899,  which  is  here  9  feet  above  present  sealevel. 

On  the  east  side  of  Yakutat  bay,  just  north  of  Logan  beach,  there  is  an 
elevated  beach  with  a  wave-cut  cliff  behind  it,  from  which  the  forest  has 
been  partly  stripped  by  the  tidal  wave  (see  plate  23  and  plate  20, figure  1 ) . 
One  spruce  tree,  broken  by  this  wave,  but  still  in  place  on  the  beach,  had 
75  rings,  proving  this  uplift  to  have  occurred  at  least  75  years  ago, 
whereas  the  recently  uplifted  strand  in  front  of  it  bears  only  annual 
plants.    Both  the  older  and  newer  uplift  on  this  coast  vary  decidedly  in 
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Figure  1. — Mou.mui.n  Face  rising  above  Yakutat  Foreland 

Head  of  Russell  fiord  in  distance.     Miller  lake  nearer  camera.     Fault  line  A  (plate  23)   passi>s 
along  base  of  mountains.     View  souttieast  at  elevation  of  1.590  feet 


Figure  '2. — Submerged  Forest,  Ia»gax  Bkacu,  ea.st  Side  of  Russell  Fiord 
Picture  talven  at  mid-tide 


MOUNTAIN  FACE,  ABOVE  YAKUTAT  FORELAND,  AND  SUBMERGED  FOREST 
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OLD  FOREST  COVERED  BEACH 


r VALLEY  BETWEEN  MOUNTAIN 
I  AND  GRAVEL  BLUFF 


A.B  =lnferred  Fault 


KNI6HT    ISO. 


FiauBK  2,— Sketch  Map  of  east  Coast  of  Yakutat  Bay, 
IlliuiratiDg  the  eondiiione  associftted  with  the  inferred  fault,  A-B,  along  this  gomL 
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amount  in  a  short  distance.  There  are  also  ancient,  f  orest-K^overed  beaches 
on  Krutoi  and  Otmeloi  islands. 

Near  the  head  of  Enssell  fiord  there  are  elevated  shorelines  about  140 
feet  above  the  fiord;  but  these  are  believed  to  be  associated  with  a  lake 
dammed  by  an  ice  barrier  in  lower  Russell  fiord  and  Disenchantment  bay 
during  a  recent  advance  of  the  glaciers. 

Repeated  traverses  failed  to  reveal  evidence  of  higher  stands  of  the  sea 
at  levels  above  those  described ;  but  it  is  to  be  noted  that  former  greater 
extension  of  the  glaciers  is  proved  for  this  region.  We  have  evidence  that 
Hubbard  glacier  reached  down  to  Haenke  island  a  century  ago,  and  the 
evidence  is  clear  that  all  of  Nunatak  fiord  and  more  than  half  of  Russell 
fiord  have  only  recently  been  abandoned  by  the  ice.  At  an  earlier  period, 
byt  at  no  very  remote  time,  the  entire  inlet,  clear  to  the  ocean,  was  occu- 
pied by  ice.  These  facts  would  help  to  explain  the  absence  of  higher 
shorelines  if  this  deformation  has  long  been  in  progress. 

BVIDBNOB  OF  OLDER  DBPRBB8I0NS 

At  the  head  of  Russell  fiord  and  at  Logan  beach  (plate  22,  figure  2), 
on  the  east  shore  of  Yakutat  bay,  submerged  forests  appear  on  the  beach 
between  tides.  In  both  cases  they  occur  in  places  where  evidence  of  uplift 
in  1899  is  absent,  and  close  by,  and  on  the  downthrow  side  of,  fault  lines 
inferred  from  the  evidence  of  the  deformed  shorelines.  In  each  case  evi- 
dence of  depression  in  1899  is  found  not  far  away;  but  the  submerged 
forest  at  the  head  of  Russell  fiord  was  discovered  by  Russell  in  1891,  and 
therefore  this  submergence  antedates  the  1899  deformation. 

Statement  of  Quantitative  Observations 
mbte0d8  bmplotbd 

Along  a  coastline  upward  of  150  miles  in  length  we  examined  almost 
every  part  carefully  and  selected  over  one  hundred  points  as  suitable 
places  for  quantitative  measurements.  Our  method  of  measuring  the 
change  of  level  necessarily  varied  with  conditions ;  but  wherever  possible 
our  measurement  is  the  vertical  distance  between  the  highest  living  and 
the  highest  fixed  dead  barnacles,  in  a  place  where  the  latter  are  well  pre- 
served. For  obtaining  these  measurements  we  used  the  Locke  level  and 
a  graduated  rod,  the  greatest  elevations  being  checked  by  aneroid. 

This  method,  like  any  other  we  could  devise,  was  subject  to  a  small 
error ;  but,  owing  to  the  widespread  abundance  and  excellent  preservation 
of  the  barnacles  on  the  elevated  shoreline,  the  amount  of  this  error  could 
not  be  great.    Care  was  taken  to  select  the  most  favorable  sites,  and  very 
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SKETCH  MAP  OF  YAKUTAT  BAY 

QiuuitltatlTe  measurements  of  deformation  of  shorelines  Indicated  in  feet  ( ' )  and  inc** 
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often  two  or  more  observations  were  made  close  together  as  a  check  on 
the  one  recorded.  The  possible  error  is  all  on  the  side  of  conservatism 
for  two  reasons.  In  the  first  place,  along  the  elevated  shoreline  occasional 
barnacles  are  still  living  jnst  above  the  zone  of  barnacle  growth,  having 
been  able  to  survive  these  six  years  with  an  occasional  bath  of  salt  water 
from  waves  at  high  tide.  Consequently  when  we  took  the  highest  living 
barnacle,  always  searched  out  very  carefully,  it  was  often  the  only  living 
one  among  many  dead  forms  and  several  inches  above  the  upper  limit  of 
abundant  live  barnacles.  In  -the  second  place,  the  highest  dead  barnacle 
actually  attached  to  the  rock  (and  we  took  account  of  no  others)  was 
often  probably  not  as  high  as  barnacles  had  grown  at  the  former  level  of 
the  sea.  If  the  conservative  error  on  both  ends  could  be  corrected,  we 
have  no  doubt  that  it  would  often  increase  the  uplift  by  6  inches  or  a  foot, 
but  would  never  diminish  the  amount  stated. 

In  a  very  few  places  where  living  barnacles  were  absent  from  the  present 
shoreline,  as  along  the  coast  south  of  Turner  glacier,  our  measurements 
are  between  the  high-tide  mark  and  the  top  of  the  zone  of  abundant  dead 
barnacles,  which  was  assumed  to  represent  high  tide  on  the  old  strand. 
On  the  elevated  beaches  we  made  one  or  two  measurements  between  par- 
allel lines  of  driftwood ;  and  two  or  three  measurements  were  made  be- 
tween the  lower  limit  of  land  plants  on  the  ancient  beaches  and  the  lowest 
old  bushes  above  it,  a  possible  error  of  only  a  foot  or  two.  It  should  be 
pointed  out  that  the  greater  number  of  our  measurements  (approximately 
80  per  cent  of  them)  were  made  by  the  conservative  method  of  measure- 
ment between  highest  living  and  highest  dead  barnacles,  and  that  all  other 
cases,  where  another  method  was  necessary,  checked  well  with  closely 
adjacent  localities  where  barnacle  observations  were  possible.  The  coast 
south  of  Turner  glacier  is  an  exception,  for  here  barnacles  were  used  only 
at  the  upper  limit. 

Our  measurements  of  depression  are  much  less  exact.  For  these  we 
measured  the  vertical  distance  between  the  base  of  the  lowest  tree  in  place 
and  of  the  highest  on  which  beach  gravels  were  being  piled  at  the  time. 

CHANGES  OF  LEVEL  ON  THE  FORELAND 

Taken  as  a  whole,  the  foreland  and  its  associated  islands  may  be  con- 
sidered as  a  region  of  no  change  of  level,  though  with  small  areas  of 
slight  depression,  usually  too  slight  for  quantitative  measurement.  On 
the  west  side  of  Yakutat  bay,  from  opposite  point  Latouche  to  the  Kwik 
delta,  the  shoreline  was  studied  carefully,  but  no  change  in  level  could  be 
detected  on  the  foreland.  On  the  southeast  side  of  the  bay,  near  the 
mountains,  both  on  Knight  island  and  on  the  mainland,  the  changes  of 
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level  are  very  irregular,  but  on  the  whole  show  uplift.  A  short  dlBtanee 
out  from  the  mountain  base  the  uplift  ceases,  and  the  same  is  true  at  the 
head  of  Bussell  fiord.  In  all  cases,  that  is  on  four  coasts  (both  sides  of 
Yakutat  bay  and  Eussell  fiord)  (plate  23),  there  is  a  change  from  an 
upraised  to  a  depressed  or  stationary  coast  in  a  short  distance — ^within 
a  himdred  yards  southeast  of  Knight  island  and  on  the  southeast 
shore  of  the  head  of  Russell  fiord  and  within  a  mile  on  the  other  two 
shores. 

The  longest  stretch  of  the  foreland  coast  studied  lies  between  Knight 
island  and  Yakutat.  Here,  both  on  the  shores  of  the  foreland  and  in  the 
maze  of  channels  between  the  islands,  the  usual  condition  is  that  of  forest 
coming  down  to  the  very  water's  edge,  and  therefore  giving  a  \^ry  delicate 
register  of  change  of  level.  Along  most  of  the  coast  there  has  evidently 
been  no  change  whatsoever;  but  in  two  or  three  places  there  has  been  a 
very  slight  uplift,  and  in  a  number  of  places  the  coast  has  been  depressed, 
especially  among  the  small  islands.  There  is  also  evidence  of  older 
change  of  level  in  two  or  three  places,  but  notably  on  the  northeast  end  of 
Krutoi  island,  where  there  is  a  recent  uplift  of  3  feet,  and  back  of  it  a 
beach  and  wave-cut  bluff  of  much  older  date  with  a  mature  forest  growing 
on  it.     This  older  uplift  was  between  5  and  10  feet. 

At  and  near  Yakutat  and  in  the  slough  near  Ocean  cape,  there  is  no 
evidence  of  change  of  level.  Whether  the  destroyed  cemetery  on  Khan* 
taak  island  is  evidence  of  depression  or  merely  the  work  of  the  earthquake 
wave  was  not  determined ;  but  just  west  of  this,  on  the  ocean  shore  of  the 
island,  there  is  a  condition  of  forest  encroached  on  by  present  waves  which 
suggests  depression  of  about  seven  feet.  It  may,  however,  represent  sea 
encroachment  on  the  shore,  and  is  therefore  considered  only  tentatively 
as  possible  evidence  of  local  depression. 

CHANGES     OF     LEVEL     ALONG     THE     MOUNTAINOUS     EAST     COAST     OF 

YAKUTAT  BAY 

The  changes  of  level  along  this  coast  are  very  irregular.  Near  Knight 
island  the  uplift  varies  from  5  to  12  feet  6  inches,  and  there  are  marked 
variations  in  short  distances.  Along  the  coast  north  of  Knight  island  to 
within  4  or  5  miles  of  point  Latouche  the  average  condition  is  either  that 
of  no  change  of  level  or  else  of  depression  (see  plate  23  and  figure  2) ;  but 
where  the  coast  turns  eastward,  both  near  Knight  island  and  near  point 
Latouche,  uplifted  shores  begin  abruptly,  reaching  a  maximum  of  10  feet 
near  Knight  island  on  the  mainland,  and  of  12  feet  6  inches  near  point 
Latouche. 
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Along  the  strftight  stretch  of  coast  between  the  uplifted  parts  there  is  a 
general  condition  of  gravel  foreland  forming  a  narrow  strip  between  the 
mountains  and  the  sea  (figure  2).  In  one  part,  however,  just  north  of 
Ijogan  beach,  the  mountains  come  down  close  to  the  sea,  and  here  for  a 
short  distance  there  is  a  recently  elevated  shoreline  15  feet  above  present 
sealevel,  but  descending  abruptly  northward,  and  disappearing  in  less  than 
a  half  mile.  Back  of  it  is  the  older,  spruce-covered  beach  already  de- 
scribed, which  descends  northward  more  than  2  miles  before  being  lost. 
As  shown  in  a  later  section,  these  phenomena  are  believed  to  be  related 
to  a  fault  line  close  by  the  mountain  base. 

CHANaBS  OF  LSVBL  IN  DIBENCHANTMSNT  BAY 

At  point  Latouche  the  uplifted  shores  are  11  to  12  feet  above  present 
sealevel,  but  perceptibly  decline  northward,  for  most  of  the  distance 
between  point  Latouche  and  Haenke  island  (on  the  east  side)  being 
between  7  and  8  feet.  At  Haenke  island,  however,  the  raised  shorelines 
are  18  or  19  feet,  and  this  marked  uplift  abruptly  appears  on  the  peninsula 
northeast  of  Haenke  island  (see  plate  13  and  plate  17,  figure  2),  and  ex- 
tends nearly  to  Gilbert  point,  where  it  disappears  equally  abruptly. 
Within  a  mile,  at  Gilbert  point,  there  is  a  change  from  no  uplift  on  and 
near  Osier  island  to  17  feet  1  inch  just  southwest  of  it.  It  is  in  this 
region  of  marked  uplift  that  the  new  reefs  appear  just  north  of  Haenke 
island. 

On  the  west  shore  of  Disenchantment  bay  the  first  rock  cliflf  south  of 
Turner  glacier  (a  quarter  of  a  mile  from  the  glacier)  shows  an  uplift 
of  33  feet  11  inches;  and  this  remarkable  shoreline,  the  most  perfect  as 
well  as  the  highest  in  the  region  (see  plate  14,  figure  2 ;  plate  16,  figure  1, 
and  plate  18,  figure  1),  attains  an  elevation  of  47  feet  4  inches  within  a 
distance  of  |i  mile  and  a  half.  Just  below  point  Funston  the  elevation 
Ls  42  feet,  and  south  of  that  it  rapidly  descends.  No  accurate  quantita- 
tive measurements  were  possible  in  this  region  of  disappearance,  but  the 
uplift  evidently  extends  to  the  Black  glacier  alluvial  fan,  where  on  the 
north  side  it  is  estimated  to  be  about  30  feet,  and  on  the  south  side,  a 
little  over  a  quarter  of  a  mile  away,  9  feet.  South  of  this  no  evidence  of 
uplift  was  found ;  but  on  the  alluvial  fan  of  Galiano  glacier,  a  mile  and  a 
half  southwest,  there  is  indication  of  slight  subsidence,  and  beyond  that 
no  reason  for  inferring  any  change  of  level. 

From  these  facts  it  is  evident  that  the  shores  of  Disenchantment  bay 
have  been  greatly  uplifted  (the  highest  in  the  fiord),  and  that  they  have 
been  differentially  deformed.  While  the  changes  in  amount  of  uplift 
occur  within  short  distances  here,  as  in  other  parts  of  the  fiord,  they  are 
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not  traceable  to  a  single  sharp  break,  but  are  apparently  the  result  of 
decided  change  taking  place  in  a  narrow  zone. 

It  would  be  interestlug  to  know  what  eflfect  a  34-foot  uplift  had  on  the 
crevassed  front  of  Turner  glacier,  for  there  is  evidence  of  this  great  eleva- 
tion up  to  the  very  edge  of  the  ice.  Gilbert  suggests  that  the  front  of  this 
glacier  is  floating,  and  if  this  is  true  the  effects  of  uplift  would  have  been 
more  destructive  than  if  the  ice  rested  on  the  bed  of  the  fiord.  We  were 
unable  to  determine  what  effect  the  uplift  had ;  but  it  is  noteworthy  that 
the  form  of  the  ice-front  has  been  materially  changed  since  Gilbert  photo- 
graphed it  in  1899. 

CHANGES  OF  LEVEL  IS  THE  NORTHWEST  ARM  OF  RUSSELL  FIORD 

The  northeastern  shore  of  this  fiord,  from  the  Hubbard  glacier  to  Nun- 
atak  fiord,  shows  uniformly  an  uplift  of  considerable  amount  (plate  15, 
figures  1  and  2) ;  but  the  conditions  for  accurate  measurement  of  the 
uplift  were  not  usually  present  on  the  friable  slate  rock  and  extensive 
beaches  which  constitute  this  shore.  Four  good  observations  were  secured, 
one  of  them  on  the  beach  (7  feet  7  inches),  the  other  three  on  barnacles 
on  the  rock  (plate  17,  figure  1),  giving  measurements  of  7  feet  1  inch, 
7  feet  6  inches,  and  9  feet.  It  is  along  this  coast  that  an  older  beach, 
covered  with  mature  alders,  was  discovered  (see  figure  1). 

On  the  southwest  shore,  on  the  other  hand,  although  the  rocks  are  very 
favorable  for  preservation  of  barnacles,  we  nowhere  found  evidence,  either 
of  a  physiographic  or  a  biologic  nature,  of  uplift  of  over  2  feet.  On 
most  of  the  coast  the  evidence  is  wholly  negative,  but  at  four  points  we 
found  dead  barnacles  on  a  slightly  elevated  bench  from  1  foot  to  1  foot 
10  inches  above  the  highest  living  barnacles.  The  evidence  is  convinc- 
ing that  there  is  a  marked  difference  in  the  uplift  on  the  two  sides  of  this 
narrow,  straight  stretch  of  fiord. 

NUNATAK  FIORD 

We  have  already  described  the  conditions  on  the  southern  shore  of 
Nunatak  fiord,  where  there  is  no  clear  proof  of  change  of  level,  but  a  possi- 
bility of  an  uplift  of  a  foot  or  less.  The  northern  shore  of  the  fior^  like- 
wise gave  no  proof  of  change  of  level ;  but  this  coast  is  wholly  beach  and 
alluvial  fan  on  which  a  moderate  uplift  might  easily  be  indistinguishable. 
The  diflBculty  of  discovering  an  elevated  shoreline  in  this  part  of  the  fiord 
is  increased  by  the  fact  that  the  recession  of  the  glacier  has  been  so  recent 
that  abundant  vegetation  has  not  advanced  far  up  the  fiord,  and  this  aid 
to  detection  of  uplifted  beaches  is  therefore  absent.  However,  the  fact 
that  no  evidence  of  change  of  level  could  be  discovered  in  this  fiord,  while 
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not  proving  entire  abBenee  of  change,  is  believed  to  demonstrate  very 
Blight,  if  any,  change. 

CHANGES  OF  LEVEL  IN  THE  SOUTH  ARM  OP  RUSSELL  FIORD 

At  cape  Enchantment  there  is  evidently  an  uplift  of  less  than  2  feet, 
and  several  miles  south  of  this,  opposite  Seal  bay,  of  3  feet  3  inches. 
Between  these  two  points  there  is  a  succession  of  slightly  elevated  beaches 
and  fans;  but  on  the  east  side  of  the  fiord,  while  a  slight  uplift  is  indi- 
cated, we  could  got  no  definite  measurement  until  a  point  was  reached  2  or 
3  miles  south  of  Seal  bay.  Conditions  along  this  eastern  coast  are  perfect 
for  the  preservation  of  evidence  of  uplift,  and  our  failure  to  find  definite 
evidence  convinces  us  that  the  uplift  here  was  at  best  very  slight.  Quite 
abruptly,  however,  just  north  of  Russell  cove,  a  wave-cut  bench  rises,  and 
on  it  we  found  dead  barnacles  4  feet  10  inches  above  the  highest  living 
ones.  South  of  this  the  bench  slowly  rises,  reaching  an  elevation  of 
9  or  10  feet  on  the  west  side  and  7  or  8  feet  on  the  east  side  of  the  fiord 
(plate  14,  figure  1).  At  the  very  head  of  the  inlet,  in  the  fist-shaped 
area  in  the  foreland,  there  is  a  change  in  a  very  short  distance  on  both 
sides  of  the  bay  from  an  uplift  of  7  feet  4  inches  to  a  depression  (plate  18, 
figure  2). 

Interpretation  op  Observations 
in  general 

Our  observations  lead  us  to  the  conclusion  that  here,  in  a  non-volcanic 
region,  the  land  is  still  rising.  Moreover,  there  is  definite  evidence  that 
earlier  movements  have  preceded  that  of  1899.  How  widespread  the 
effects  of  this  last  movement  were  on  the  Pacific  coast  is  not  yet  known ; 
but  the  destruction  known  to  have  occurred  in  September,  1899,  at  the 
front  of  the  Muir  glacier,  140  miles  away,  suggests  the  possibility  of  its 
extension  this  far,  and  observations  in  that  region  will  be  awaited  with 
interest.  At  Dundas  bay,  near  the  entrance  to  Glacier  bay,  we  landed 
for  a  few  hours,  but  found  no  evidence  of  change  of  level ;  and  there  was 
none  at  Sitka.  On  our  way  down  the  Inside  passage  we  looked  for  evi- 
dence of  change  of  level,  but  without  success,  excepting  in  the  narrow^ 
passage  just  north  of  Ketchikan,  several  hundred  miles  farther  south- 
east, where  there  has  been  a  recent  uplift  of  unknown  date  and  amount, 
the  evidence  of  which  is  visible  from  the  steamer. 

In  the  region  of  our  detailed  studies  it  Is  evident  that  the  uplift  was 
differential  and  that  the  movements  were  complex,  resulting  in  a  distinct 
deformation  of  the  coastline  and  bordering  land.    The  exact  nature  of 
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these  differential  movements  is  not  certain  in  all  cases,  though  some  con- 
clusions regarding  them  seem  clear  and  well  founded. 

MOVNTAIN'FROIvT  FAULT 

That  there  is  a  zone  of  narrow  width,  just  outside  the  mountain  base, 
where  uplift  is  replaced  by  either  depression  or  no  change,  is  clearly 
shown  at  four  points.  This  suggests  the  presence  of  a  fault  line  near  the 
mountain  base.  If  such  a  line  is  projected  (see  fault  line  A,  plate  23) 
it  passes  through  three  of  the  areas  where  uplift  is  replaced  by  depression 
or  no  change,  but  would  need  to  be  bent  slightly  to  reach  the  fourth  at  the 
head  of  Yakutat  bay  on  the  west  side.  From  this  evidence  a  fault  line  is 
inferred  along  the  face  of  the  mountain  from  the  head  of  Russell  fiord 
to  Knight  island. 

Additional  reason  for  suspecting  an  older  fault  here  is  found  in  the 
topography  already  described — a  straight  mountain  front  with  truncated 
spurs  reaching  out  to  nearly  the  same  line  (plate  22,  figure  1).  Along 
this  line,  northeast  of  Knight  island,  there  is  also  an  unusual  develop- 
ment of  avalanches.  Moreover,  the  amoimt  of  uplift  along  it  varies 
greatly,  as  it  naturally  would  along  a  fault  with  the  downthrow  side 
dragged  upward,  and  with  the  fault  line  not  a  single  break  but  a  complex 
of  parallel  fractures,  as  seems  to  have  been  the  case  in  this  region,  where 
the  change  across  the  fault  line  is  not  an  abrupt  scarp,  but  occupies  a  zone 
of  some  width.  The  statement  of  Ensign  Miller  that  trees  are  destroyed 
on  the  east  and  west  side  of  Miller  lake  is  interesting,  since  this  is  exactly 
where  we  place  our  fault  line  on  entirely  independent  evidence. 

Harmonious  with  the  interpretation  placed  on  the  facts  in  this 
region  is  the  appearance  of  the  four  small  islands  east  of  Knight  island, 
exactly  where  the  inferred  fault  is  believed  to  pass,  and  with  their  long 
axes  parallel  to  the  fault  line.  We  do  not  place  this  fault  line  outside  the 
zone  of  ujJift  l)ecause  it  is  believed  that  some  of  the  upraised  coast  near 
and  on  Knight  island  is  due  to  updrag  on  the  downthrow  side. 

POSSIBLE  MINOR  FAULT  SOUTHWEST  OF  KNIOHT  ISLAND 

There  is  the  possibility  of  a  second  fault  of  minor  character  along  the 
islands  between  Knight  island  and  Yakutat  (sec  fault  line,  plate  23). 
The  evidence  of  this  is  not  convincing,  and  this  fault  is  proposed  solely 
on  the  basis  of  the  fact  that  there  is  a  rather  remarkable  linear  arrange- 
ment of  uplifted  and  depressed  areas  in  the  midst  of  a  region  which,  in 
general,  shows  no  sign  of  change  in  level.  The  fact  that  earlier  changes 
of  level  are  recorded  in  those  same  places  by  older  uplifted  beaches,  and 
that  similar  shorelines  were  not  discovered  elsewhere  in  the  foreland,  is 
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a  part  of  the  evidence  on  which  a  fault  line  is  inferred  with  some  doubt 
along  the  axes  of  these  islands. 

FAULT  ALONG  BAST  SHORE  OF  TAKVTAT  BAY 

Much  clearer  evidence  of  a  fault  line  exists  along  the  mountainous 
eastern  shore  of  Yakutat  bay  (see  unlettered  fault  line  B,  plate  23). 
Here  the  mountain  front  is  straight,  steep,  and  has  spurs  truncated  along 
a  straight  line.  The  mounta^  face  i3  scarred  by  numerous  avalanches, 
and  the  shores  at  its  base  were  washed  by  the  most  destructive  tidal  wave 
recorded  in  the  region  (plate  20,  figure  1).  For  much  more  than  half  its 
length  this  shore  shows  no  elevated  strands;  but  they  begin  where  the 
coast  bends  away  from  the  straight  line  on  both  the  north  and  south  end ; 
and  near  the  middle,  where  the  mountain  slopes  come  down  close  to  the 
sea,  there  is  an  upraised  ancient  beach  and,  parallel  to  it,  an  uplift  belong- 
ing to  the  1899  series  (see  figure  2). 

We  are  able  to  suggest  no  other  explanation  for  the  phenomena  re- 
corded here  than  that  of  a  fault  close  to  the  mountain  base,  lifting  the 
hard  rock  of  the  mountains,  but  not  raising  the  gravel  forelands  which 
skirt  most  of  this  straight  coast.  In  this  connection  it  is  notable  that  be- 
hind the  broadest  part  of  the  narrow  foreland,  at  Logan  beach,  there  is 
a  valley  between  the  foreland  and  the  mountains,  whose  formation  by 
earlier  faulting  is  easy  to  understand,  but  di£Scult  of  explanation  in  any 
other  way.  That  the  earthquake  shock  was  violent  here  is  proved  by  the 
fact  that  a  gold  miner's  log  cabin  on  the  gravel  bluff  above  Ijogan  beach 
was  partially  demolished,  unroofed,  and  thrown  part  way  off  of  its  founda- 
tions during  the  earthquake  of  1899^ 

We  are  not  absolutely  certain  whether  to  correlate  this  fault  with  the 
one  inferred  farther  southeast  along  the  mountain  front  (plate  23, 
:fault  A),  which  it  intersects  at  a  low  angle,  assuming  the  two  to  be  con- 
nected by  a  slight  bend,  or  whether  to  consider  it  a  separate  and  distinct 
fault.  The  later  interpretation  is  placed  on  the  map,  but  we  have  no  evi- 
dence to  prove  this  interpretation  as  opj^osed  to  that  of  a  single  contin- 
uous, slightly  curved  fault  line.  It  is  a  notable  fact  that  this  fault  line, 
estended,  strikes  the  western  side  of  the  head  of  Yakutat  bay  exactly  at 
the  point  where  the  great  uplift  south  of  Turner  glacier  dies  out. 

FAULTING  ALONG  DISENCHANTMENT  BAY 

The  great  uplift  (reaching  over  47  feet)  on  the  west  shore  of  Disen- 
chantment bay;  the  lesser,  but  still  great   (18  to  19  feet),  uplift  on 
Haenke  island  and  the  shore  of  the  peninsula  north  of  it ;  and  the  mod- 
erate uplift  (7  to  9  feet)  along  most  of  the  east  shore  of  Disenchantment 
•  VII — ^Boi>u  Gbou  Soc.  Am.,  Vol.-  17.  1^6 
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bay  seem  to  demand  at  least  two  lines  of  faulting.  One  of  these  (see 
line  C,  plate  2.3)  is  inferred  between  Haenke  island  and  the  west  shore, 
one  (line  D,  plate  23)  between  Haenke  island  and  the  east  shore.  No 
other  evidence  of  these  inferred  faults  was  discovered  than  the  remarkable 
differences  in  uplift  in  short  distances.  The  rapid  descent  of  the  ele- 
vated shoreline  from  17  feet  to  no  change  at  Gilbert  point  is  believed  to 
be  related  to  the  fault  line  along  the  northwest  arm  of  Russell  fiord. 

FAULT  LINE  IN  N0RTHWB8T  ARM  OF  RUSSELL  FIORD 

It  has  already  been  shown  that  geological  structure  indicates  the  exist- 
ence of  an  older  line  of  faulting  along  this  straight  reach ;  that  an  uplifted 
beach  of  older  date  exists  on  the  northeast  shore,  but  none  was  discovered 
on  the  southwest  shore ;  and  that  the  uplift  of  1899  upraised  the  northeast 
shore  from  7  to  9  feet  and  the  southwest  shore  nowhere  more  than  1  foot 
10  inches,  so  far  as  we  could  see.  These  facts  point  clearly  to  a  fault  line 
along  the  axis  of  this  part  of  the  fiord  (see  fault  line  E,  plate  23). 

Nunatak  fiord  gives  us  no  proof  of  change  of  level,  though  the  nunatak 
at  its  head  is  badly  fractured. 

SOUTH  ARM  OF  RUSSELL  FIORD 

From  a  region  of  very  slight  uplift  near  cape  Enchantment,  and  a  pos- 
sible slight  uplift  on  the  opposite  shore,  there  is  a  rise  in  the  elevated 
shore  line  to  a  maximum  of  10  feet  near  the  head  of  the  inlet,  where  in  a 
short  distance  the  uplift  is  abruptly  replaced  by  depression  on  the  fore- 
land along  the  line  of  the  inferred  mountain-front  fault  (line  A,  plate 
23).  There  is  no  evidence  of  faulting  along  the  axis  of  this  part  of  the 
fiord ;  and  no  proof  of  an  earlier  uplift  was  discovered. 

MINOR  FAULTING 

In  addition  to  the  major  lines  of  faulting  which  we  liave  inferred,  evi- 
dence exists  at  several  widely  scattered  points  proving  a  minor  shattering 
of  the  crust,  as  stated  in  the  preceding  paragraphs.  These  places  have 
in  no  case  been  found  along  the  lines  of  inferred  major  faults,  but  in  all 
cases  where  observed  they  appear  to  be  due  to  a  minor  shattering  in  the 
larger  uplifted  blocks.  The  fact  that  no  uplifted  shorelines  occur  near 
the  shattered  Oannett  nunatak  is  not  significant,  since  the  present  coast 
of  the  nunatak  was  more  nearly  inclosed  by  ice  in  1899,  and  a  few  years 
previous  to  that  (in  1891)  was  completely  inclosed;  so  that  by  1899  there 
had  not  been  opportunity  for  the  development  of  a  shoreline  on  the 
nunatak. 

FOLDING  VERSUS  FAULTING 

Both  in  the  field  and  since  our  return  we  have  attempted  to  place  the 
interpretation  of  folding  on  the  phenomena  of  deformation  described^  but 
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without  success.  Opposed  to  folding  are  four  significant  facts  which  seem 
to  eliminate  it  as  an  hypothesis.  In  the  first  place,  the  lines  of  deforma- 
tion extend  in  too  many  directions.  In  the  second  place,  the  zones  of 
gradation  between  areas  of  different  degrees  of  deformation  are  exceed- 
ingly narrow,  while  the  intervening  areas  of  uplift  are  very  broad.  In 
the  third  place,  the  minor  faulting  proves  dislocation  in  parts  of  the 
r^on.  Finally,  faulting  is  proved  by  the  series  of  earthquakes  and  their 
destructive  avalanches  and  water  waves. 

NATURE  OF  THE  DBFOBMATION 

Briefly  summarizing  the  inferences  which  the  facts  seem  to  warrant,  we 
conclude  that  in  1899  there  was  a  renewal  of  mountain  growth,  uplifting 
that  part  of  the  mountain  front  bordering  the  Yakutat  bay  inlet  to  differ- 
ent amounts — 7  to  10  feet  on  the  southeast  side  of  the  bay  and  40  to  47 
feet  on  the  northwest  side.  This  uplift  occurred  all  within  a  little  over  two 
weeks  and  mainly  on  a  single  day  (September  10).  It  was  complicated 
by  movements  along  secondary  fault  lines,  which  produced  at  least  three 
(and  perhaps  more)  distinct  major  blocks,  as  follows:  (1)  The  area  be- 
tween ffiult  lines  A,  B,  C,  and  E  (plate  23),  including  all  the  peninsula 
and  a  part  of  the  mountains  east  of  the  south  arm  of  Russell  fiord  to  an 
unknown  distance  toward  the  southeast;  (2)  a  block  west  of  fault  line  E 
(plate  23),  extending  westward  an  unknown  distance  from  the  west 
shore  of  Disenchantment  bay;  (3)  a  block  extending  northeastward  for 
an  unknown  distance  from  the  northeast  shore  of  the  northwest  arm  of 
Ruflsell  fiord.  The  first  and  largest  of  these  blocks,  that  including  the 
peninsula,  is  apparently  tilted  upward  toward  the  southwest. 

Accompanying  this  faulting  was  a  minor  fracturing  apparently  due  to 
local  adjustments  in  the  tilted  blocks.  Doubtless  this  minor  fracturing 
is  much  more  common  than  our  observations  indicate,  for  it  was  discov- 
ered in  more  than  half  of  our  expeditions  into  the  interior  when  we  went 
out  of  the  valleys  away  from  the  seacoast. 

TOPOQRAPHW  8WNIPWANCB 

That  this  faulting  may  be  part  of  an  important  process  by  which  the 
mam  lineaments  of  topography  in  this  region  were  developed  is  evident. 
The  straight  mountain  front,  the  straight  mountainous  eastern  shore  of 
Yakutat  bay,  and  the  straight  northwest  arm  of  Bussell  fiord  all  bear  evi- 
dence of  faulting  during  this  recent  period  of  uplift,  and  the  evidence 
seems  to  demand  the  presence  of  two  fault  lines  along  Disenchantment 
bay.  How  far  this  process  of  faulting  can  be  applied  in  explanation  of 
the  initial  outlining  of  the  fiords  is  not  certain  from  any  facts  we  could 
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gather;  biit  of  one  thing  We  are  certain:  In  spite  of  the  parallelism  of  tlfe 
fault  lines  to  several  reaches  of  the  fiord,  and  in  spite  of  their  possible 
importance  in  determining  th^  main  lineaments  of  the  valleys^  the  present 
depth  and  form  of  the  fiords  are  assignable  not  to  faulting  biit  to  glacial 
erosion.  The  evidence  of  this  is  clear  and  convincing,  but  the  statement 
of  it  caii  not  be  taiade  in  this  paper.* 

Comparison  with  Other  historic  Uplifts 

While  there  are  many  evidences  of  changes  in  level  during  recent  geo- 
logical time>  in  widely  separated  localities,  some  of  a  slow  secular  nature 
still  in  progress  and  involving  extensive  areas,  some  evidently  abrupt  and 
.involving  smaller  areas,  the  great  majority  of  these  give  us  no  clue  either 
to  the  time  or  nature  of  occurrence  or  to  the  amount  of  uplift  at  a  given 
period. 

Some  instances  are  fairly  definite  in  these  respects,  and  some  locate 
the  period  of  uplift  and  determine  its  amount  with  exactness.  A  prelim- 
.inary  examination  of  the  literature  fails  to  find  a  single  instance  in  which 
An  uplift  approximating  in  amount  that  of  the  Yakutat  Bay  region,  in 
its  maximum,  is  described  as  having  occurred  at  a  single  period  of  dis- 
turbance. Compared  with  the  historic  changes  of  level  associated  with 
definite  earthquakes,  the  Yakutat  Bay  deformation  therefore  stands  con- 
spicuous. It  is  apparently  the  greatest  historical  change  of  level  (47  feet 
*4  inches  at  the  maximum) ;  it  combines  the  various  classes  of  evidence — 
beaches,  benches,  sea  caves,  marine  animals,  human  testimony,  as  in 
South  America  (1822,  1835,  1839);  new  reefs,  accompanying  faulting, 
as  in  New  Zealand  (1855) ;  combination  of  elevation  and  depression,  as 
in  India  (1811);  and  it  adds  the  new  types  of  evidence  of  dissected 
.alluvial  fans  and  uplifted  till  shorelines,  besides  furnishing  the  most 
complete  interrelated  evidence  of  all  sorts  in  practical  agreement. 

*  See  Tarr  and  Martin :  Bull.  Amer.  Geog.  Soc.,  toI.  xxxtUI,  1900,  pp.  145-167. 
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Intboduction 


The  Coal  Meaflures  above  the  Pottsville  have  been  grouped  in  various 
ways  by  those  who  have  studied  the  Appalachian  basin. 

'The  earlier  papers  of  tbls  series  are  in  this  Bulletin,  volume  14,  pages  15-90; 
Tolume  15,  pages  37-210.  The  writer  desires  to  acknowledge  his  obligations  to  Dr 
1.  C.  White,  Mr  David  White,  and  Mr  B.  V.  d'lnvllllers,  who  have  given  him  Information 
and  Taluable  criticisms  without  reserve.  It  must  be  understood,  however,  that  these 
observers  are  In  no  wise  committed  to  the  conclusions  offered  by  the  writer. 
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In  the  early  reports  on  the  geological  survey  of  Pennsylvania  Professor 
Henry  D.  Rogers  used  a  numerical  scale  to  designate  the  formations,  the 
Pottsville  being  XII  and  the  Coal  Measures  above  being  XIII ;  but  in  the 
fourth  report  he  divided  Formation  XIII  into  the  Allegheny  and  Monon- 
gahela  series,  drawing  the  line  l>etween  them  at  the  lowest  rock  bed  seen 
at  Pittsburg,  or  nearly  at  the  place  of  the  Ames  limestone.  In  the  next 
year  he  abandoned  the  geographical  terms,  using  only  XIII  and  desig- 
nating the  lower  coals  by  letters.* 

The  numerical  method  was  adopted  in  Virginia  by  Professor  William 
B.  Rogers,  the  Pottsville  being  designated  by  12  in  his  second  report. 
Two  years  later  he  divided  the  measures  into  the  Ix>wer  and  the  Upper 
Coal  series,  separated  by  a  considerable  thickness  of  barren  measures,  and 
in  his  fifth  report  he  gives 

Lower  Ck>al  group,  or  Formation  XIII ; 

liower  shale  and  sandstone  group,  or  Formation  XIY ; 

Upper  Coal  group,  or  Formation  XV; 

the  Mahoning  sandstone  being  included  in  the  Ijower  group,  f 
In  1856  Professor  J.  P.  Lesley  offered  this  grouping: 

Barren  measures. 
Upper  series. 
Barren  measures, 
Mahoning  sandstone, 
Ixjwer  series, 

with  the  Pittsburg  coal  as  the  highest  member  of  Number  3  and  the  upper 
limit  of  Number  2  indefinite.  J 

Professor  Rogers's  final  report  of  the  geology  of  Pennsylvania  ap- 
peared in  1858  and  contained  this  arrangement : 

Upper  Barren  |  Greene  County 

Wnynesburg  group  and  Pittsburg  coal  and  limestone  )  group. 


Jjower  Barren  measures  ) 

Mahoning  sandstone        J  ^^^»^^*^  ^'^  »«''^"  8^~"P- 

Freeiwrt  group         \ 

Freeport  sandstone  v  Lower  group. 

Clarion  group  j 

The  plane  between  the  Allegheny  and  Monongahela  of  the  previous 

*  fl.  D.  Rogers :  Second  Ann.  Kept.  Geol.  Ezplor.  of  Pennsylyanla,  p.  71 ;  Third  Rept., 
p.  02;  Fourth  Kept.,  p.   150.  I 

|W.  B.  Rogers:  Rept.  Geol.  Virginia  for  1838.  p.  84;  Rept  for  1839,  p.  98;    Rept.      i 
for  1840.  p.  70  et  seq.  ' 

^  J.  I*.  Lesley :  Manual  of  Coal  and  its  Topography,  pp.  94.  116.  I 
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arraBgement  had  been  placed  almost  midway  in  the  Lower  Barren 
measures.* 

In  1870  Professor  John  S.  Newberry  divided  the  Ohio  Coal  Measures 
into  Lower  and  Upper,  including  in  the  former  all  beds  below  the  Pitts- 
burg coal  to  practically  the  bottom  of  the  Pottsville.  Professor  Edward 
Orton  adopted  this  classification  in  his  elaborate  discussion  of  the  Ohio 
coals,  published  in  1884.t 

In  the  same  year  Stevenson  employed  the  terms  Lower  and  Upper  for 
the  Coal  Measures  of  northern  West  Virginia,  drawing  the  plane  of  sepa- 
ration just  under  the  Pittsburg  coal  bed,  but  including  only  rocks  above 
the  Pottsville.     In  1872  he  grouped  the  deposits  into 

Upper  Barren  group. 
Upper  Ck>al  group, 
Lower  Barren  group. 
Lower  Ck>al  group, 

the  last  two  being  equivalent  to  XIII  and  XIV  of  W.  B.  Rogers  and  the 
iiret  two  equivalent  to  the  higher  groups  of  H.  D.  Rogers,  as  published  in 
the  final  report.  J 

Toward  the  end  of  1875,  in  the  first  of  the  Pennsylvania  reports,  Mr 
Franklin  Piatt  divided  the  Pennsylvania  Coal  Measures  into 

Upper  Barren  measures ; 

Monongahela,  from  Washington  coal  bed  to  Pittsburg  coal  bed ; 
Conemaugh,  bottom  of  Pittsburg  to  bottom  of  Maboning  sand ; 
Allegheny,  bottom  of  Mahoning  sandstone  to  top  of  Pottsville ; 

using  names  originally  employed  by  Professor  Rogers,  but  not  in  the 
same  sen8e.§ 

In  1876  Stevenson  used  the  same  grouping  as  in  1872,  with  a  slight 
change  in  nomenclature,  thus: 

_         _  (  Greene  County  group. 

Upper  Barren  series  |  Washington  County  group. 

Upper  Productive  series. 
Lower  Barren  series. 
Lower  Productive  series.  || 

In  the  next  year,  Mr  Piatt  modified  his  classification  materially,  his 
new  grouping  being 

*  H.  D.  Rogers :  Geology  of  Pexmsylyanla,  vol.  11,  pp.  477,  600,  503. 
t  J.  8.  Newberry :  Rep.  Prog.  Ohio  Survey  for  1S70,  p.  16. 

W.   J.    BteYenson:  Regents'   Report   of  West  Virginia   University   for   1870.   p.   47; 
Trans.  Am.  Phil.  Soc,  vol.  zy,  p.  15  et  seq. 
S  F.  Piatt :  Second  Geol.  Survey  of  Pennsylvania,  Report  H,  p.  8. 
i  J.  J.  SteTenaon :  Report  K,  pp.  34  et  seq. 
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I.  Monongabela  River  Bystem. 

a.  Greene  County  group  of  Upper  Barren  measures. 
6.  Washington  County  group  of  Upper  Barren  measures, 
c.  UpiJer  Pi'oductlve  Coal  Measures. 
II.  Allegheny  River  system. 

o.  Lower  Barren  measures. 

h.  Mahoning  sandstone. 

c.  Lower  Productive  Coal  Measures, 

the  plane  between  the  two  systems  being  drawn  at  the  bottom  of  the 
Pittsburg  coal  bed.*  But  the  geographical  terms  were  abandoned 
quickly,  and  in  later  volumes  of  the  reports  the  terms  Upper  and  Lower 
barrens,  Upper  and  Lower  Productive  Coal  Measures  were  used  instead, 
the  Mahoning  sandstone  in  most  of  the  reports  being  included  in  the 
liower  Productive  Coal  Measures. 

in  1891  Doctor  I.  C.  White  introduced  the  term  Dunkard  to  designate 
the  Upper  Barren  nu^asures,  the  Greene  and  Washington  County  groups 
of  Pennsylvania,  Beport  K,  and  at  the  same  time  limited  the  term  Monon- 
gahela  to  the  Upper  Productive  Coal  Measures. f 

The  synonymy  may  be  given  as  follows  in  ascending  order : 

Coal  Measures,  XIII  of  H.  D»  and  W.  B,  Rogers 

Allegheny   Allegheny  of  H.  D.  Rogers  in  part ;  XIII, 

F.  Piatt,  1875.  Lower  Coal  group  of  W.  B.  Rogers  less  the 

Mahoning  sandstone;  Lower  series  of  Lies- 
ley;  Lower  productive  series  of  Stevenson 
less  the  Mahoning;  Lower  Coal  Measures 
of  Ohio  in  part;  Lower  group  of  H.  jy. 
Rogers. 

Coneniaugh Barren  measures  of  Lesley  plus  the  Mahon- 

F.  Piatt,  1875.  ing  sandstone;  Lower  shale  and  sandstone 

group  of  W.  B.  Rogers  plus  the  Mahoning ; 
Lower  Barren  series  of  Stevenson  plus  the 
Mahoning;  Lower  Coal  Measures  of  Ohio, 
upper  part ;  Middle  group  of  H.  D.  Rogers. 

Monongaliela    Middle   portion   of   Monongahela   of   H.    I>. 

I.  C.  White,  1891.  Rogers ;  Lower  portion  of  Monongahela  of 

F.  Piatt ;  Upper  productive  series  of  Steven- 
son ;  lower  portion  of  Upper  series  of  Lies- 
ley  ;  In  part  XV,  Upper  Coal  group  of  W.  B. 
Rogers ;  lower  portion  of  Upper  Coal  Meas- 
ures of  Newberry ;  lower  division  of  Greene 
County  group  of  H.  D.  Rogers. 

•  F.  Piatt :  Report  H  H,  pp.  zzili,   szIt. 

1 1.  C.  White :  U.  S.  Oeol.  Survey  Bulletin  no.  65,  pp.  20,  43. 
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Dnnkard  Upi)er  Barren  series  of  Stevenson ;  upper  part 

I.  C.  White,  1801.  of  Greene  County  group  of  H.  D.  Rogers ; 

upper  part  of  Upper  CJoal  Measures  of  New- 
berry ;  up|)er  part  of  XV  of  W.  B.  Rogers. 
In  the  description  of  the  several  formations,  the  names  here  given  will 
be  employed  as  limited  by  Franklin  Piatt  and  I.  C.  White. 

Allegheny  Formation 
correlation 

The  plane  of  separation  between  the  Pottsville  and  the  Allegheny  in 
the  bituminous  area  is  marked  on  top  of  the  Homewood  sandstone,  but 
only  approximately,  for,  as  will  be  seen,  that  sandstone  is  replaced  more 
or  less  by  shale  in  extensive  spaces,  while  in  others  it  is  continuous  with 
sandstone  extending  upward  even  into  the  Conemaugh.  A  more  con- 
venient base  is  the  Brookville  coal  bed,  belonging  a  few  feet  above  the 
Homewood  in  its  normal  condition.  The  Allegheny  is  paleontologically 
as  well  as  stratigraphically  distinct  from  the  underlying  Pottsville ;  for, 
although  the  fauna  exhibits  comparatively  little  change,  there  is,  as  shown 
by  Mr  David  White,  for  a  great  part  of  the  field  a  very  marked  difference 
in  the  flora. 

The  Allegheny  area  is  much  smaller  than  that  of  the  Pottsville.  It 
J)ecome8  narrow  in  southern  West  Virginia  and  northeastern  Kentucky. 
The  present  condition  of  our  knowledge  makes  impossible  any  positive 
conclusions  respecting  its  extent  in  southeastern  Kentucky  and  south- 
western Virginia,  though  reconnaissance  work  in  the  former  state  suflfices 
to  show  that  Allegheny  coal  beds  are  present  there.  It  is  possible  that 
the  formation  reaches  into  the  northeastern  corner  of  the  Tennessee  coal 
lield.  Uncertainty  prevails  respecting  the  correlation  of  beds  in  the 
anthracite  areas  of  Pennsylvania,  which  will  be  considered  apart  after  the 
description  of  the  Conemaugh. 

Though  comparatively  thin,  at  most  little  more  than  300  feet,  the  Alle- 
gheny contains  a  large  number  of  elements,  most  of  which  are  persistent 
for  long  distances  on  both  sides  of  the  basin,  though  practically  all  be- 
ttimcs  unidentifiable  in  much  of  the  broad  interior,  where  throughout 
the  Coal  Measures  the  coal  beds  and  limestones  disappear  or  become  in- 
definite and  there  remains  only  detrital  matter  of  variable  character. 
The  important  elements  are: 

Upper  Freeport  coal  hed. 
Upper  Freeport  limestone. 
Butler  sandstone. 
Lower  Freeport  coal  bed. 
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Lower  Freeport  limestone. 
Freeport  sandstoue. 
Upper  Kittannlng  coal  bed. 
Johnstown  cement  limestone. 
Middle  Kittanniug  coal  t>ed. 
Lower  Kittannlng  coal  bed. 
Vanport  limestone. 
Clarion  coal  bed. 
Clarion  sandstone. 
Putnam  Hill  limestone. 
Brookville  coal   bed. 

The  Upper  Freeport  coal  bed...  In  Pennsylvania,  Kelly  of  Broad  Top,  E  of 
J.  P.  Lesley,  1866.  Rogers    and    Lesley,    Upper    Freeport    of 

authors ;  in  Ohio,  6  and  Big  vein  of  Colum- 
biana, Cambridge  of  Guernsey,  Alexander 
of  Muskingum,  Stallsmith,  Norris,  Bayleys 
run  of  Hocking  valley,  7  of  Tuscarawas ;  in 
West  Virginia,  Upper  Freeport,  Mason;  in 
Maryland,  Upper  Freeport;  in  Kentucky, 
Coal  9. 

This  coal  bed  is  present  in  nearly  every  county  of  Pennsylvania  where 
its  place  is  reached  and  it  is  important  economically  in  extensive  areas. 
It  is  traceable  in  most  of  the  Ohio  counties  as  well  as  along  the  eastern 
outcrop  in  West  Virginia,  where  also  it  ia  frequently  important.  It  is 
irregular  in  Kentucky  and  is  wanting  or  very  thin  in  much  of  the  central 
region  within  West  Virginia  and  Kentucky.  Its  irregularity  along  the 
outcrop  is  due  in  some  measure  to  erosion  during  deposit  of  the  Mahoning 
sandstone,  but  there  are  considerable  areas  in  which  the  coal  never  ex- 
isted. The  bed  is  broken  in  many  places  by  numerous  partings^  so  as  to 
be  a  thick  mass  of  coal  and  shale.  In  some  localities  it  is  associated  w4th 
a  flint  clay  of  good  quality. 

The  Upper  Freeport  limestone. .  In  Pennsylvania,  Upper  Freeport;  in  Ohio, 
H.  D.  Rogers.  Upper  Freeport,   "White"  of  Columbiana, 

Shawnee  of  Hocking  valley;  in  Kentucky, 
First  Fossiliferous. 

This  limestone  is  of  somewhat  uncertain  occurrence  in  portions  of 
Pennsylvania,  but  in  a  general  way  is  one  of  the  best  marked  strata  in  the 
section.  In  southern  Ohio  and  in  Kentucky  it  is  so  persistent  as  to  be  a 
notable  stratigraphical  guide,  but  in  West  Virginia  it  seems  to  disappear 
quickly  south  from  the  Pennsylvania  line.  Ordinarily  it  is  non-fossil- 
Iferous,  though  occasionally  showing  some  forms  presumably  of  fresh- 
water types ;  but  Professor  Crandall  describes  it  in  Kentucky  as  carrying 
a  characteristic  Carboniferous  fauna  and  terms  it  the  First  Fossiliferous 
limestone. 
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The  Butler  sandstone  of  I.  C.  White,  Upper  Preeport  sandstone  of 
authors,  is,  like  most  of  the  sandstones,  somewhat  indefinite ;  but  one  finds 
very  frequently  in  the  interval  between  the  Preeport  coal  beds  a  sand- 
stone, sometimes  very  thin,  at  others  filling  the  whole  interval.  There  is 
no  regularity  in  the  occurrence  of  these  sandstones. 

The  Lower  Freeport  coal  bed...  In    Pennsylvania,    Lower    Freeport,    Middle 
J.  P.  Lesley,  1856.  Freeport,  D.  D';  In  Ohio,  Roper  and  Shaft 

of  Jeffersop,  6a  of  central  counties,  Black, 
Fowler,  Juniper,  Frank  of  Hocking  valley. 
Hatcher,  Waterloo  of  Lawrence;  In  Ken- 
tucky, Coal  8;  In  West  Virginia,  Lower 
Freeport 

This  is  almost  as  persistent  in  Pennsylvania,  Ohio,  and  Kentucky  as 
the  Upper  Preeport,  but  is  less  frequently  of  economic  importance.  It 
shows  abrupt  and  extreme  variations  in  thickness  as  well  as  quality  and 
occasionally  carries  on  top  a  thick  deposit  of  impure  cannel.  It  yields 
excellent  coal  in  Jefferson  county  of  Ohio,  but  in  the  greater  part  of  that 
state  it  is  worthless.  Locally  it  is  valuable  in  southern  Ohio,  but  is  in- 
significant in  both  Kentucky  and  West  Virginia. 

The  Lower  Freeport  limestone. .  In   Pennsylvania,   Lower  and   Middle   Free- 
•    H.  D.  Rogers.  port;    in   Ohio,   Norrls   and   Snowfork  of 

Hocking  valley;  .apparently  wanting  In 
Kentucky  and  West  Virginia. 

In  general  features  this  resembles  the  Upper  Preeport  limestone.  In 
the  eastern  basin  of  Pennsylvania  it  extends  farther  north  than  any  other 
limestone,  but  its  distribution  throughout  is  very  uncertain.  Like  the 
Upper  Freeport,  it  varies  in  purity,  yielding  at  times  fine  lime,  but  often 
is  wholly  worthless.  Possils  are  rare  and  those  which  do  occur  are 
tJiought  to  be  of  fresh-water  types. 

The  Freeport  sandstone  of  H.  D.  Eogers  is  as  irregular  and  indefinite 
as  the  Butler  sandstone,  but  in  most  localities  a  sandy  shale  or  sandstone 
is  present  within  the  interval  between  the  Lower  Preeport  and  Upper 
Kittanning  coal  beds.  This  interval  shows  some  interesting  variations  in 
Clarion  and  Armstrong  counties  and  elsewhere  in  western  Pennsylvania. 

The  Upper  Kittanning  coal  bed.   lu    PennHylvanIa,    Currle   of    north    Butler, 
F.  Piatt,  1877.  parlliigton  of  south  Butler;  rarely  present 

In  Ohio  and  Kentucky;  Indefinite  in  West 
Virginia. 

This  is  a  widely  persistent  though  very  variable  bed  in  Pennsylvania, 
but  it  disappears  in  the  western  part  of  tliat  state  to  reappear  somewhat 
rarely  in  Ohio.  It  quickly  becomes  indefinite  in  West  Virginia  and  can 
not  be  recognized  with  certainty  in  the  Kentucky  sections. 
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The  Johnstown  cement  limestone  of  W.  G.  Piatt,  Upper  Kittanning  of 
the  Ligonier  Valley  report,  is  confined  practically  to  the  first  and  second 
bituminous  basins  of  Pennsylvania,  being  found  in  only  two  or  possibly 
three  counties  west  from  Chestnut  hill  in  that  state.  It  was  confounded 
for  a  long  time  with  the  Vanport  limestone,  an  error  which  led  to  con- 
fusion in  those  basins,  where  the  lower  limestone  is  wanting.  It  is  non- 
fossiliferous. 

The  Middle  Kittanning  coal  bed.  In  Peun«y]yania,  Middle  Kittanning,  Kittan- 
H.  M.  Chance,  1879/  ning,  Lower  Kittanning  of  Ligonier  valley, 

Darlington  of  Mercer  and  Lawrence;  in 
southern  Ohio,  No.  6,  "Great  vein,"  Nelson- 
vllle,  Hocking  valley,  Sheridan,  etcetera ;  iu 
Kentucky,  Goal  7. 

For  the  most  part  this  is  unimportant  in  Pennsylvania,  though  it  is 
widespread  and  occasionally,  like  the  Upper  Kittanning  and  the  Lower 
Freeport,  carries  a  deposit  of  caimel  which  locally  is  of  some  importance ; 
but  in  Ohio  it  attains  vast  importance  within  the  Hocking  Valley  coal 
field.  In  much  of  Ohio  it  is  roofed  by  a  black  shale  carrying  a  rich 
marine  fauna.  The  overlying  shale  has  yielded  an  abundant  flora  in 
western  Pennsylvania. 

The  Lower  Kittanning  coal  hed.  In  Pennsylvania,  Kittanning,  Lower  Kittan- 
F.  Piatt,  1877.  ning,   Bamett  of  Broad  Top,  Clarion   of 

Ligonier  valley,  Dagus  of  McKean  and  Elk ; 
in  Ohio,  Leetoniu,  "Clay  vein,"  "Creek 
vein"  No.  5  of  Columbiana  and  Jefferson, 
Newcastle  in  southern  Ohio;  in  Kentucky, 
Coal  6;  in  West  Virginia,  Kittanning;  Kit- 
tanning of  Lesley,  18&6. 

This  coal  bed  is  equally  persistent  with  the  Upper  Freeport  and  shows 
similar  variations  in  commercial  importance.  It  is  best  on  the  eastern 
side  of  the  basin,  but  occasionally  it  is  good  enough  and  thick  enough  in 
Ohio  to  be  mined ;  it  is  unimportant  for  the  most  part  in  Kentucky.  The 
interval  between  Middle  and  Lower  Kittanning  often  disappears  in 
Maryland  and  eastern  West  Virginia,  so  that  both  beds  can  be  mined  as 
one.  The  underlying  clay  is  of  great  industrial  importance  in  western 
Pennsylvania  and  in  much  of  Ohio.  The  interval  between  Upper  Free- 
port  and  Lower  Kittanning  shows  no  abrupt  variations  in  most  of  Penn- 
sylvania, though  within  the  same  area  the  intervals  between  intervening 
beds  exhibit  perplexing  variations.  The  interval  between  the  Lower  Kit- 
tanning and  the  Vanport  limestone  below  is  one  of  the  most  variable  in 
the  whole  section.  When  large,  it  often  contains  the  Kittanning  sand- 
stone, whose  changes  in  character  are  as  marked  as  those  of  the  Freeport 
and  Butler. 
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The  Vanport  limestone In   Pennsylrania,   Ferriferous,   Vanport;   in 

I.  C.  White,  1878.  Oliio,  Ferriferous,  Baird,  Cosliocton  marble ; 

in  Kentucky,  Ferriferous ;  !n  West  Virginia, 
apparently  wanting. 

This  is  in  some  respects  the  most  remarkable  member  of  the  formation ; 
it  has  not  been  observed  in  the  first  and  second  bituminous  basins  of 
Pennsylvania^  but  a  limestone  of  similar  character  has  been  reported  from 
the  first  basin  southward  in  Maryland,  which,  however,  may  prove  to  be 
at  the  Putnam  Hill  horizon.  This  bed  has  been  observed  only  at  one 
locality  in  the  area  immediately  west  from  Chestnut  Hill,  and  there  is 
much  room  for  doubt  respecting  its  existence  in  the  counties  south  from 
the  Ohio  and  Kiskiminetas  except  near  the  former  river  toward  the  West 
Virginia  line;  but  north  from  those  rivers  it  is  persistent  almost  to  the 
northern  outcrop  and  to  the  Ohio  line,  becoming  somewhat  irregular 
toward  the  north,  where  it  is  replaced  sometimes  by  cherty  limestone  or 
sandstone  and  seems  to  project,  finger  like,  northward  from  the  main 
mass.  It  practically  disappears  within  a  few  miles  west  from  the  Ohio 
line,  though  it  has  been  recognized  by  Professor  Orton  at  several  places 
beyond.  In  Pennsylvania  it  usually  underlies  an  iron  ore  which  in  the 
earlier  days  was  the  source  of  supply  for  many  furnaces.  It  reappears 
in  central  Ohio  as  the  Black  marble  of  Coshoction  county,  and  thence 
southward  it  is  followed  easily  as  the  Baird  ore  and  limestone,  to  which 
£.  B.  Andrews  applied  the  name  Ferriferous  limestone,  but  without  any 
reference  to  the  Pennsylvania  bed.  It  is  persistent  southward  in  Ken- 
tucky into  Elliott  county  and  appears  occasionally  in  Morgan  county 
beyond ;  but  eastwardly  it  disappears  in  Boyd  and  Lawrence  counties  be- 
fore reaching  the  West  Virginia  line.  It  belongs  chiefly  to  the  western 
side  of  the  basin.  Within  Pennsylvania  and  northern  Ohio  it  carries  a 
marine  fauna,  but  in  southern  Ohio  and  Kentucky  it  seems  to  be  non- 
fossiliferous. 

The  Clarion  coal  bed  of  H.  D.  Rogers  is  a  double  bed,  as  was  demon- 
strated by  Doctor  H.  M.  Chance,  but  the  splits  are  recognizable  as  such 
in  a  very  small  area,  so  that  they  have  received  distinct  names.  The 
upper  split  is : 

Tbe  Scrubgrass  coal  bed Sulphur,  Ferriferous,  Upper  Clarion,  Canfleld, 

I.  C.  White,  1879.  at  various  localities  in  Pennsylvania  and 

Ohio. 

This  bed  occurs  in  western  Pennsylvania  and  in  much  of  Ohio  directly 
below  the  Vanport  limestone  or  separated  from  it  by  at  most  10  feet.  It 
is  of  uncertain  occurrence  and  rarely  is  thick  enough  to  be  mined  even 
for  local  supply. 
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The  Clarion  coal  bed  proper,  15  to  20  feet  lower,  is  the  limestone  vein 
of  Vinton  county,  Ohio,  and  is  the  more  persistent  bed,  though  not  often 
of  economic  impoiiance.  In  the  first  and  second  bituminous  basins  of 
Pennsylvania  it  is  wanting  south  from  the  Conemaugh  river  and  west- 
ward from  the  Chestnut  Hill  anticline;  it  disappears  quickly  in  West 
Virginia;  but  it  may  be  represented  on  the  Kanawha  river  and  south- 
westward  by  the  coal  seen  occasionally  above  the  Black  flint.  This  bed 
becomes  very  indefinite  in  southern  Ohio  and  occurs  so  rarely  in  Kentucky 
that  it  is  not  recognized  in  the  generalized  section.  It  is  quite  likely 
that  at  not  a  few  localities  the  Brookville  has  been  mistaken  for  this  bed. 

The  Clarion  sandstone,  Hecla  of  southern  Ohio,  is  present  in  many 
places  between  the  Clarion  and  Brookville  coal  beds  and  is  rather  more 
persistent  than  the  other  sandstones ;  yet  it  is  frequently  replaced  in  part 
or  in  whole  by  shale,  at  times  argillaceous.  Along  the  southeasterly  out- 
crop from  Randolph  county.  West  Virginia,  to  the  Kentucky  line  the 
whole  space  from  the  Brookville  coal  bed  to  the  Upper  Freeport  is  filled 
with  sandstone,  interrupted  only  by  coal  beds  and  thin  shales ;  but  this,  in 
part  the  Charleston  sandstone  of  Mr  M.  R.  Campbell,  is  for  the  most 
part  coarse  and  evidently  marks  proximity  to  a  shoreline,  as  it  extends 
westwardly  for  only  a  few  miles,  changing  gradually  into  shale  and  finer 
sandstone.  A  similar  condition  is  revealed  by  oil-well  records  in  Ohio, 
Marshall,  Wetzel,  and  Tyler  counties  of  West  Virginia,  along  the  central 
portion  of  the  basin.  Whether  or  not  the  sandstone  areas  of  those  coun- 
ties are  one  can  not  be  asserted,  but  the  records  are  so  numerous  as  to  sug- 
gest continuity  of  the  deposit.  The  irregularity  in  outline  of  the  sand- 
stone area  is  as  irregular  as  that  of  open  sand  in  the  main  oil-sands  of 
Pennsylvania.  The  change  from  hard  sandstone  to  fine  shale  and  again 
to  sandstone  takes  place  at  times  within  a  few  rods.  , 

The  Putuaiu  Hill  limestone.....  Gray  lliiieHtoue  of  northern  Ohio;  apparentiy 
E.  B.  Andrews,  1870.  abnent    in    Pennsylvania    and    Kentucky ; 

Kanawha  black  flint  of  West  Virginia. 

Within  Pennsylvania  and  the  greater  part  of  West  Virginia,  as  well  as 
in  Kentucky,  the  Brookville  coal  bed  underlies  coarse  or  fine  detrital  ma- 
terial from  the  land ;  but  in  northern  Ohio,  at  a  short  distance  west  from 
the  Pennsylvania  line,  a  new  element  appears  in  the  section,  which  is  per- 
sistent thence  almost  to  the  Kentucky  line  and  is  as  useful  to  the  Ohio 
geologist  as  the  Vanport  limestone  is  to  the  student  in  Pennsylvania. 
It  always  carries  a  marine  fauna  and  in  southern  Ohio  bears  the  same 
relation  to  the  Ferriferous  of  Andrews  that  it  does  in  northern  Ohio  to 
the  Vanport  or  Ferriferous  of  Pennsylvania.  In  Barbour  county  of 
West  Virginia,  on  the  eastern  outcrop,  a  limestone  appears  at  a  few  feet 
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above  the  Brookville  coal  bed,  and  at  one  locality  it  is  pure  enough  to  be 
used  as  a  flux.  It  has  not  been  reported  southward  along  this  outcrop, 
but  in  Nicholas  county  one  finds  at  the  same  horizon  the  very  fossiliferous 
Black  flint  which  in  Nicholas,  Fayette,  and  Kanawha  counties  is  at  1  to  15 
feet  above  the  Brookville  coal  bed.  This  is  confined  to  a  small  area  and 
disappears  quickly  south  from  the  Kanawha  river.  The  Putnam  Hill 
limestone  is  often  cheriy  in  Ohio.  It  is  possible  that  the  Kanawha  flint 
may  be  equivalent  to  the  Vanport,  but  its  relation  to  the  Brookville  and 
the  presence  of  a  coal  bed  at  some  places  just  above  it  render  the  refer- 
ence to  the  Putnam  Hill  horizon  much  more  probable.  The  occurrence 
of  this  marine  fauna  in  a  very  restricted  area  within  the  Kanawha  dis- 
trict is  as  curious  as  that  of  the  Campbells  Creek  fauna  in  the  Pottsville 
within  a  somewhat  smaller  area  in  the  same  district. 

The  Brookville  coal  bed In  Pennsylvania,  Cook  of  Broad  Top,  Brook- 

H.  D.  Rogers.  vlile  of  auttiors,  Clermont  of  McKean  and 

Elk,  Clarion  of  Ligonier  valley,  A ;  in  Ohio, 
Brookville,  No.  4;  in  Kentucky,  Coal  5;  in 
West  Virginia,  Upper  Freeport,  Lower  Kit- 
tanning,  Clarion,  Arden,  Roaring  creek, 
Stockton. 

This  is  by  far  the  most  persistent  coal  bed  in  the  formation.  It  is 
rarely  of  economic  importance  in  Pennsylvania,  for  though  often  ver}' 
thick  it  is  usually  a  mass  of  alternating  coal  and  shale,  its  coal  high  in 
ash  and  sulphur.  In  West  Virginia  along  the  eastern  outcrop  it  becomes 
very  important  south  from  the  Baltimore  and  Ohio  railroad  and  is  the 
only  coal  bed  of  the  Allegheny  on  which  mining  operations  are  carried 
on  over  any  considerable  area.  It  is  ahnost  as  important  in  that  state  as 
the  Pittsburg  is  in  southwest  Pennsylvania.  In  Pennsylvania  and  even 
in  West  Virginia  it  is  very  apt  to  break  up  into  many  layers  of  coal  and 
slate  or  into  benches  somewhat  widely  separated.  The  relations  of  this 
bed  have  been  much  in  doubt,  and  in  the  tentative  correlation  used  by  the 
writer  in  describing  the  Pottsville  the  bed  was  regarded  as  equivalent  to 
the  Lower  Kittanning;  but  since  that  part  of  this  work  was  published 
additional  records  of  borings  have  been  secured  which  make  the  matter 
wholly  clear  in  the  critical  locality  within  northern  West  Virginia,  as 
will  be  seen  on  a  later  page.  The  Brookville  seems  to  be  the  only  horizon 
at  which  coal  was  formed  over  any  considerable  area  in  the  interior  of  the 
basin,  its  coal  having  been  found  in  Tyler,  Wood,  Jackson,  and  Cabell 
counties  of  West  Virginia  as  well  as  in  Monroe  and  Washington  counties 
of  OhLo,  where  no  trace  o(  any  higher  Allegheny  bed  appears  in  the  rec- 
ords of  oil-well  borings.  At  the  same  time  it  docs  not  extend  across  the 
basin,  being  absent  in  several  counties  east  from  th^se .  iiamed.    It  is 
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quite  persistent  in  Kentucky,  though  almost  always  very  thin  in  that  part 
of  the  state  where  correlation  is  possible.  The  distribution  of  these  coals 
seems  to  make  clear,  as  suggested  by  the  writer  upward  of  thirty  years 
ago,  that  the  coal  beds  were  formed  as  fringes  around  the  basin,  some  ex- 
tending farther  toward  the  center  than  the  others,  but  all  ending  at  a 
comparatively  short  distance  from  the  shores.  Coal  or  carbonaceous 
shale  is  reported  at  various  depths  within  the  central  part  of  the  basin, 
but  these  deposits  bear  no  definite  relation  to  each  other  or  to  the  recog- 
nized horizons  of  the  section,  and  in  all  probability  they  are  mere  accumu- 
lations of  vegetable  matter  drifted  upon  mud  lumps. 

A  matter  of  some  interest  which  should  not  be  overlooked  is  the  occur- 
rence of  red  shale  in  the  upper  part  of  the  Allegheny  within  a  little  area 
in  Hitchie,  Wood,  and  Calhoun  counties  of  West  Virginia,  and  Washing- 
ton of  Ohio.  No  trace  of  red  shale  appears  elsewhere  within  the  Alle- 
gheny, so  far  as  definite  information  is  available,  until  one  passes  south- 
westward  about  100  miles  into  Boyd  county  of  Kentucky,  where,  near 
Cannonsburg,  18  feet  of  green  and  red  shale  appear  between  the  Freeport 
coal  beds.  Green  shales,  however,  seem  to  be  characteristic  of  the  Cone- 
maugh  in  the  southern  areas  and  in  the  region  beyond  the  Kanawha. 
Mr  Campbell  refers  to  his  Braxton  formation,  including  all  deposits 
above  his  Charleston  sandstone,  as  consisting  chiefly  of  green  and  red 
shales  and  sandstones.  In  Bo^'d,  Lawrence,  and  Carter  counties  of 
Kentucky  green  shales  accompany  the  Freeport  coal  beds,  while  in  south- 
em  Carter  these  green  beds  overlie  the  Lower  Kittanning  and  in  southern 
Lawrence  they  overlie  the  Middle  Kittanning. 

EAST  FROM   THE  ALLEOHBIflEB 

The  insignificant  area  known  as  the  Broad  Top  coal  field,  embracing 
parts  of  Bedford,  Fulton,  and  Huntingdon  counties  of  Pennsylvania,  is 
of  especial  interest  because  of  variations  in  the  coal  beds  and  in  the  in- 
tervals separating  them.  The  following  succession  is  a  compilation  of 
measurements  made  by  Doctor  White  in  Huntingdon  and  by  Stevenson 
in  Bedford  and  Fulton  counties : 

Feet.  Incbes.  Feet 

1.  Kelly  coal  bed 0  to  14 

2.  Shales  and  sandstone 65  to  120 

8.  Twin  coal  bed 1  6    to  6 

4.  Shale  and  sandstone 2  to  30 

5.  Bamett  coal  bed 1  9    to  5 

6.  Shale  and  sandstone 8  to  50 

7.  CJook  coal  bed 2  6    to  6 

8.  Clay  and  shale 2  to  20 

to  the  Fottsville. 
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The  Kelly  coal  bed,  clearly  equivalent  to  the  Upper  Preeport,  disap- 
pears in  the  northern  part  of  the  field,  but  increases  southward  and  be- 
comes of  great  commercial  importance  in  Bedford  county,  though  even 
there  it  varies  in  thickness  from  4  inches  to  16  feet  in  one  mine.  It  is 
usually  double,  and  the  parting  has  been  found  1  inch  to  10  feet  on  a 
single  property.  The  upper  division  is  ordinarily  single,  but  the  lower 
is  often  divided  into  several  benches.  The  interval  to  the  Twin  coal  bed 
is  occupied  at  times  wholly  by  shale,  but  on  the  western  side  of  the  field 
it  contains  a  coarse  sandstone  which  may  be  taken  as  representing  both 
the  Butler  and  the  Freeport  sandstone,  as  the  Lower  Freeport  coal  bed  is 
not  here.  The  interval  in  Huntingdon  county  varies  from  90  to  110  feet, 
but  in  Bedford  from  65  to  118,  being  greatest  on  the  westerly  side,  where 
the  sandstones  are  most  prominent.  The  Twin  coal  bed  is  l>er8istent 
throughout  the  field  and  derives  its  name  from  the  fact  that  at  times  it 
and  the  Bamett  below  are  almost  in  contact,  so  that  they  may  be  mined 
as  one  bed.  In  Bedford  county  the  coal  varies  from  worthless  to  good 
and  in  thickness  from  1  to  6  feet,  so  that  it  is  unimportant ;  but  in  Hunt- 
ingdon its  coal  is  good,  and  when  near  enough  to  the  Bamett  is  mined. 
The  interval  to  the  Bamett  varies  from  6  inches  to  30  feet,  though  rarely 
less  than  2  feet.  Within  200  rods,  on  Sixmile  creek,  in  Bedford,  the 
thickness  was  measured,  37,  19,  and  7  feet.  The  thinning  is  toward  the 
east,  but  not  regularly  so.  In  Huntingdon,  Doctor  White  found  it 
8  to  30  feet  on  one  property,  but  on  another,  in  the  eastem  part  of  the 
field,  the  variation  is  from  6  inches  to  7  feet.  The  Bamett  coal  bed 
always  carries  bony  coal,  3  to  10  inches  thick  on  top,  and  in  the  main 
coal  usually  shows  two  benches  separated  by  a  variable  parting.  At  one 
mine  Doctor  WTiite  made  this  measurement: 

Feet.        Inches 

!•  Twin  coal  bed 2  0 

2.  Shale  and  rock 4  0 

a  Bamett  coal  bed 17  9 

Feet.      Inches 

Bony  coal 0  9 

Coal   2  6 

Shale   3  0 

Sandstone ^...     11  0 

Coal   0  6 

This  parting  of  14  feet  soon  disappears,  and  in  another  part  of  the  mine 
the  bottom  coal  is  in  contact  with  the  upper.  The  variability  of  this  part- 
ing is  a  familiar  phenomenon,  as  the  mining  operations  on  this  bed  are 
extensive  within  Huntingdon  county.  Doctor  White  correlates  this  bed 
with  the  Lower  Kittanning  of  Blair  county,  to  which  it  bears  close  resem- 
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blance  in  structure.  The  interval  from  the  Bamett  to  the  Cook  coal  bed 
is  commonly  about  50  feet ;  on  the  east  side,  in  Huntingdon,  it  decreases 
to  36  feet,  but  midway  in  the  field  within  Bedford  a  shaft  shows  it  but  8 
feet.  A  thick  bed  of  fireclay  underlies  the  Bamett  and  another  overlies 
the  Cook.  In  Bedford  county  the  Cook  cpal  bed  varies  from  mere  black 
shale  to  7  feet  of  coal  within  a  few  rods ;  the  quality  of  coal  is  inferior 
and  the  bed  is  not  worked ;  but  in  Huntingdon  county  it  has  been  worked, 
for  the  coal  is  thicker  and  better.  It  usually  shows  three  or  four  benches 
separated  by  ordinarily  thin  partings,  but  one  of  these  varies  from  2  to  25 
feet.  On  the  east  side  of  the  field  in  this  county  the  bed  has  its  coals  dis- 
tributed through  a  vertical  section  of  almost  48  feet.* 

The  Georges  Creek,  or  Potomac,  basin,  originating  in  Bedford  and 
Somerset  bounties  of  Pennsylvania,  extends  southward  across  Allegheny 
and  Garrett  counties  of  Maryland  into  Mineral  and  Tucker  counties  of 
West  Virginia.  Many  measurements  have  been  made  by  Messrs  White, 
Martin,  and  O^Harra,  from  which  five  may  be  selected,  which  are  as  fol- 
lows, arranged  from  north  to  south: 

I  II  III  IV  V 

Feet  Inches.  Feet.  Inches.  Feet  Inches.  Feet  Inches.  Feet 

Upper  Preeport  5  0         4        2  6  4  5  2  8 

Interval   20  0        00        0^ 

Ix>wer  Preeport 2  0          1        2  C  137  0  135  0  95 

Interval   74  0        55        0) 

Upper  Klttannlng 7  0          10  3  0  0  2  0 

Interval    65  0        45        0  42  0  61  0  40 

Middle  and  Lower  Kit- 
tanning  5  6          6        5  6  4  8  5  11 

Interval    ")                      (85        0  80  0  121  0  65 

Clarion  Cl29  o32        6  2  4  1  6  3 

Interval    )                      (45        0  35  0  18  0  40 

to  the  Pottsville. 


I.  Piedmont.  West  Virginia  (i:  C.  White). 
II.  Above  Harrison,  Mineral  county  (I.  G.  White). 

III.  Harrison,  Garrett  county,  Maryland  (G.  G.  Martin). 

IV.  Henry,  Garrett  county,  Maryland  (G.  G.  Martin). 

V.  Thomas,  Tucker  county.  West  Virginia  (I.  O.  White). 

A  full  series  of  records  published  in  1906  shows  that  the  Allegheny  in 
this  area  varies  from  260  to  350  feet,  the  thickness  being  greatest  in  the 
southern  and  eastern  portions.  The  Upper  Freeport  coal  bed,  known 
locally  as  the  Thomas,  is  persistent  throughout,  but  increases  in  thickness 

*  J.  J.  Steyenson:  Bedford  and  Fulton  counties  (T  2),  pp.  62,  64. 
I.  C.  White:  Huntingdon  county   (T  3),  pp.  62,  54,  66,  58,  69,  61,  66,  68. 
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and  importance  southward.  At  the  north  it  is  variable,  usually  in  several 
benches  or  broken  by  numerous  partings  and  often  containing  much  bony 
coal.  Southward,  in  the  Potomac  region,  it  is  mined  extensively,  yield- 
ing at  times  4  or  5  feet  of  good  coal.  The  Lower  Frieeport  is  unim- 
portant, yielding  less  than  2  feet  of  coal  at  the  north  and  apparently  dis- 
appearing southwardly,  as  at  Henry  there  is  only  bone  coal  and  at  Thomas 
a  mere  trace.  Between  the  Freeport  coal  beds,  one  finds  occasionally  a 
representative  of  the  Upper  Freeport  limestone  resting  on  the  Butler 
sandstone,  which  is  very  massive  and  'at  times  conglomerate.  A  lime- 
stone is  reported  in  a  borehole  at  Henry  16  feet  thick  and  at  a  little  way 
below  the  Lower  Freeport,  but  no  trace  of  it  was  observed  elsewhere. 

The  Upper  Kittanning  is  of  very  uncertain  distribution,  but  at  some 
localities  in  the  Potomac  region  it  has  3  to  4  feet  of  good  coal.  It  is 
absent  or  insignificant  in  a  great  part  of  the  area.  The  Middle. and 
Lower  Kittanning  coal  beds  are  separated  in  extensive  areas  by  a  mere 
parting,  so  that  they  are  mined  as  one  bed;  but  at  Stoyer,  in  southern 
Garrett,  this  parting  is  8  feet  and  elsewhere  it  increases  to  as  much  as  30 
feet  The  united  bed  is  the  Davis  coal  of  the  Potomac,  area  and  the  Six- 
foot  of  the  Georges  Creek  area.  This  bed  has  suffered  much  from 
"squeezes/*  the  coal  having  been  removed  for  considerable  spaces  both 
above  and  below  the  middle  shale;  but  on  each  side  of  the  disturbance  the 
coal  reappears  and  offers  a  large  area  free  from  the  irregularity.  It  has 
suffered  in  this  respect  far  more  than  any  of  the  succeeding  beds.  At 
times  the  shale  and  bone  partings  so  thicken  as  to  render  the  bed  unim- 
portant commercially.  The  interval  from  Upper  Freeport  to  Lower 
Kittanning  varies  from  170  to  210  feet.  The  Freeport  sandstone  is  gen- 
erally present,  but  varies  greatly  in  thickness  and  structure.  An  irregular 
coal  bed,  known  as  the  "Split-six,"  30  to  46  feet  below  the  Lower  Kittan- 
ning, is  present  in  the  Georges  Creek  area.  The  available  information 
does  not  justify  an  attempt  to  correlate  it  with  any  bed  known  farther 
west.  A  limestone  appears  occasionally  below  the  Lower  Kittanning  in 
southern  Garrett  of  Mar}'land  and  in  Tucker  of  West  Virginia,  under- 
lying iron  ore  in  the  latter.  Doctor  White  and  Doctor  Martin  see  in  this 
a  representative  of  the  Vanport  (Ferriferous)  limestone.  It  is  non- 
foesiliferous  here,  but  in  the  next  basin  westward  a  fossiliferous  limestone 
has  been  found  which  is  supposed  to  be  very  near  this  horizon. 

A  massive  sandstone,  in  many  respects  closely  resembling  the  Home- 
wood  of  this  region  and  at  times  70  feet  thick,  is  between  the  Lower  Kit- 
tanning and  the  next  coal  bed  below.  This  has  been  correlated  with  the 
Clarion  sandstone  by  the  Maryland  geologists.  Two  coal  beds  are  below 
the  sandstone,  the  upper  or  Parker  and  the  lower  or  Bluebaugh,  separated 


80  •     J.  J.  STEVENftOK— OAllBONtFfillOUS  OF  APPALAOHtAK  BASTK 

by  an  interval  of  12  to  30  feet ;  the  lower  bed  is  the  less  persistent  and  is 
very  close  to  the  Homewood  sandstone.  If  the  overlying  sandstone  be  the 
Clarion,  it  becomes  necessary  to  regard  these  beds  as  representing  the 
Brookville,  which  in  much  of  the  bituminous  area  is  a  complex  bed,  while 
farther  southwest  it  occasionally  divides  in  this  manner;  but  the  distance 
of  this  region  from  any  other  where  the  relations  are  distinct  makes  posi- 
tive correlation  impossible.* 

FIRST  BITUMINOUS  COAL  BASIN  OF  PENNSYLVANIA 

This,  extending  from  the  Alleghany  mountains  westward  to  Laurel  Hill, 
is  traceable  readily  from  Bradford  county  at  the  northeast  across  Lycom- 
ing, Clinton,  Center,  Clearfield,  Cambria,  and  Somerset  counties  of  Penn- 
sylvania into  Garrett  of  Maryland  and  Preston  of  West  Virginia.  It  is 
divided  in  Pennsylvania  by  two  anticlines,  that  at  the  west  originating  at 
the  northern  extremity  and  the  other  in  southeast  Cambria,  so  that  the 
basin,  double  at  the  north,  becomes  triple  in  Somerset.  The  axes  in- 
crease southwardly  in  Pennsylvania,  Laurel  becoming  a  bold  mountain, 
the  westerly  fold  growing  into  the  great  Viaduct  axis  and  the  Cambria 
fold  developing  into  Negro  mountain.  The  interior  folds  approach  each 
other  toward  the  Maryland  line,  so  that  the  synclinal  is  too  shallow  to 
hold  the  Coal  Measures  in  Maryland.  The  easterly,  or  Salisbury,  sub- 
basin  of  Somerset  becomes  shallow  in  Maryland  and  the  Allegheny  beds 
shoot  out  within  15  miles;  but  the  western,  or  Johnstown,  subbasin  con- 
tinues across  Garrett  into  Preston  of  West  Virginia,  where,  owing  to  the 
lessening  strength  of  the  Laurel  anticlinal,  the  Allegheny  beds  become 
continuous  with  those  of  the  Second  Pennsylvania  basin. 

The  somewhat  widely  separated  patches  of  coal-bearing  rocks  within 
Bradford  and  Lycoming  counties  are  confined  to  the  western  side  of  the 
basin.  The  Barclay  area  of  Bradford  county  shows  four  coal  beds  in  a 
vertical  section  of  about  150  feet,  which  have  been  described  by  Mr  Piatt. 
How  much  of  the  section  belongs  to  the  Allegheny  can  not  be  determmed.t 

The  Lycoming  areas  known  as  Mclntyre  and  Pine  creek  are  larger,  and 
Mr  Piatt  has  measured  the  section  there  in  detail  as  follows : 

•  I.  C.  White :  U.  8.  Geol,  Survey  Bull.  no.  65,  pp.  126-127 ;  Geol.  W.  Va.,  voL  11, 
p.  354. 

C.  C.  O'Harra:  Maryland  Survey,  AHegany  county,  p.  117. 
Q.  C.  Martin:  The  same,  Garrett  county,  pp.  112,  115. 

W.  B.  Clark  et  al. :  The  same,  vol.  v,  pp.  298-299,  300,  833,  335-341.    Advantage  baa 
been  taken  of  delay  In  publication  to  insert  here,  as  well  as  In  the  proper  place  under 
Conemaugh,  additional  material  contained  In  volume  v  of  the  Maryland  Survey,  which 
has  appeared  since  this  manuscript  was  offered  to  the  Society, 
f  F.  Piatt:  Bradford  and  Tioga   (G),  pp.   125-127. 
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Feet.  Inches 

1.  Sandstone  and  conglomerate 27  u 

2.  Black  shale  1  3 

a  Sandstone 21  0 

4.  Blue  shale  with  plants .2  0 

5.  Coal  and  shale  B. 5  7 

a  Fireclay    3  0 

7.  Sandstone  and  conglomerate 76  0 

8.  Ck>al  bed,  D 8  0 

Feet.      Inches 

Coal   0  9 

Clay  and  shale 5  0 

Coal  and  shale 2  3 

9.  Fireclay    1  0 

10.  Sandstone  and  conglomerate 47  0 

11.  Coal  and  shale,  C , 7  4 

12.  Sandstone  19  0 

13.-  Black  shale,  plants 2  0 

14.  Coal  and  shale,  B 7  1 

15.  Clay,  sandstone  and  shale 13  0 

la  Coal  and  slate,  A 9  10 

17.  Sandstone 

The  same  beds  are  present  on  Pine  creek  where  the  intervals  are  variable, 
that  from  A  to  B  being  15  to  40  and  that  between  D  and  E  Imng  75  to  88 
feet.  The  sandstone  above  E  was  taken  by  Mr  Rogers,  and  afterward  by 
Mr  Piatt,  to  be  the  Mahoning,  thus  identifying  the  bed  E  with  the  Upper 
Freeport.  Bed  B  is  the  only  one  economically  important.  Mr  David 
Whitens  studies  of  the  plant  remains  have  made  more  than  probable  that 
the  correlation  made  by  the  older  geologists  is  incorrect,  for  he  finds  that 
the  evidence  would  place  bed  B  at  the  Mercer  horizon  of  the  Pottsville, 
80  that  bed  E  is  probably  in  the  Kittanning  group.* 

Two  areas,  no  longer  important,  are  in  Clinton  county,  each  showing 
the  beds  lettered  A,  B,  D  by  Mr  Piatt.  No  information  is  given  respect- 
ing the  interval  rocks.  The  Snowshoe  field  of  northern  Center  county 
was  studied  by  Mr  Piatt,  whose  section,  revised  by  Mr  d'Invilliers,  is  as 
follows : 

Feet        Inches 

1.  Upper  Freeport  coal  bed,  E 5  0 

2.  Fireclay,  concealed,  sandstone 53  9 

3.  Lower  Freeport  coal  bed,  D 2  0 

4.  Ore  and  coal .* 2  0 

5.  Limestone    [L.   Freeport] 2  G 

•F.  Piatt:  Lycoming  and  Sullivan  (G  2),  pp.  93,  00,  125. 
David  White:  Northern  Appalachian  coal  field;  22d  Ann.  Rept.  U.  S.  Geol.  Survey, 
p.  136. 

IX — Bull.  Giol.  Soc.  Am,,  Vol.  17.  1005 
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Feet.  Inches. 

6.  Fireclay  and  blnck  shale 39  4 

7.  Upper  Klttaiming  coal  bed,  C 7  8 

8.  Fireclay  and  Rbale 19  6 

9.  Sandstone 18  0 

10.  Middle  Kittaunlng  coal  bed,  C 4  0 

11.  Black  shale,  gray  sandstone 28  0 

12.  Lower  KIttanuIng  coal  bed,  B 5  0 

13.  Concealed   45  0 

14.  Ore  and  sandy  sbale*. 18  0 

15.  Brookville  coal  bed,  A 3  0 

resting  on  fireclay,  not  measured,  to  the  Pottsville.  The  Clarion  was  not 
seen  in  this  shaft,  but  Mr  d'Invilliers  saw  it  at  other  localities  15  to  25 
feet  above  the  Brookville.  The  Gorman  coal  bed  of  the  southern  counties 
appears  occasionall}'.  Tlie  Upper  Freeport  consists  of  Bony  coal  4  to  8 
inches  and  5  feet  of  good  coal,  with  midway  a  slate  2  to  3  inches  thick ; 
but  the  Upper  Kittanning,  roofed  by  2  feet  of  slaty  cannel,  is  the  more 
important  l)ed,  being  available  in  a  larger  area.  A  long  narrow  strip  of 
Allegheny  occupies  the  easterly  division  of  the  basin  in  the  southeast 
part  of  the  county,  where  the  Lower  Freeport,  worthless  in  Snowshoe,  is 

worked  and  has  this  structure: 

Feet.  Inches 

Bone  coal  0  2    to      4 

Coal   0  0    to    12 

Cannel  0  2    to      3 

Coal   4    to    5  0 

and  sometimes  a  thin  streak  of  cannel  in  the  main  coal.  No  limestone 
was  seen  in  any  portion  of  this  area.* 

In  Clearfield  county  one  has  Doctor  Chance's  partial  section  at  Morris- 
dale,  about  12  miles  southwest  from  Snowshoe  and  on  the  westerly  side 
of  the  basin.  The  I^ower  Freeport  and  Johnstown  Cement  limestones 
are  here.  The  coal  bed  identified  with  the  Upper  Freeport  is  insignifi- 
cant, but  that  taken  to  be  tlie  Tjower  Freeport  is  important  and  has  the 
exact  structure  of  the  Upper  Freeport  at  Snowshoe,  thus : 

Feet.  Inchei 

Bone 0  2    to    8 

Coal    3    to    2  0 

Slate    0  1    to    2 

Coal   : 1  3    to    2 

•F.  Piatt:  Clearfield  and  Jefferson   (H),  pp.  24,  41,  69. 
E.  V.  d'In?Uller8:  Center   (T  4).  pp.  67,  64,  66-68,  70,  74.  81,  91,   106-107,   109. 
118,  115. 
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A  structure  which  bears  no  resemblance  to  that  of  the  Tjower  Freeport  is 
southwest  Center.  Doctor  White's  section  at  Houtzdale,  7  or  8  miles 
southwest  from  Morrisdale,  is: 

Feet  Inches 

1.  Mahoning  sandstone,  about 100^'         0 

2.  Upper  Freeport  coal  bed 5  4 

3.  Interval  42  0 

4.  Lower  Freeport  coal  bed  and  thick  partings. .     18  0 
6.  Freeport  sandstone  and  sliale •   30  0 

6.  Dark  shale 14  0 

7.  Upper  Kittanning  coal  bed 3  0 

8.  Fireclay  and  dark  shale 33  0 

9.  Middle  Kittanning  coal  bed 1  0 

10.  Slate,  sandstone,  shale 19  0 

11.  Lower  Kittanning  coal  bed 4  0 

12.  Fireclay  and  shale 10  0 

13.  Hard  sandstone  [Kittanning] 32  0 

14.  Shales   21  0 

15.  Clarion  coal  bed  [Brookville] 3  6 

la  Hard  fireclay   

The  Upper  Freeport  has  the  same  structure  as  in  Snowshoe.  No  ob- 
server notes  the  occurrence  of  limestone  until  8  miles  west-southwest  from 
Houtzdale^  where  Mr  Piatt  found  a  6-foot  bed  at  14  feet  below  a  thin  coal 
which  he  is  inclined  to  take  as  Tjower  Freeport ;  but  it  may  be  the  Upper 
Freeport  limestone,  as  that  is  evidently  present  in  the  southern  part  of 
the  county.* 

The  section  is  followed  readily  into  Cambria,  and  at  Bennington,  on 
the  Blair  County  border,  Mr  Fulton's  long  section  shows  all  the  coal  beds 
present  except  the  Gorman,  with  in  addition  a  thin  bed  just  above  the 
Upper  Freeport  limestone.  That  is  the  only  limestone  in  the  section  and 
is  broken  into  many  layers,  which  with  the  intervening  shales  occupy 
most  of  the  interval  to  the  Lower  Freeport  coal  bed.  Of  the  important 
sandstones,  only  the  Freeport  is  noteworthy,  the  others  being  represented 
mostly  or  altogether  by  shale.  At  a  few  miles  southwestwardly,  in  this 
easterly,  or  Wilmore,  subbasin,  many  sections  have  been  obtained,  several 
of  which  have  been  grouped  by  Mr  d'Invilliers.     Condensed,  these  are : 

•p.  Piatt:   (H),  pp.  84,  85,   106. 
H.  M.  Chance:   (H  7),  pp.  38,  41-42,  63,  66,  61,  64. 
I.  C.  White :  Bulletin  no.  66,  u.  124. 
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I                    II  III  IV  V 

Ft.  In.  Ft.  In.  Ft  In.  Ft.  In.  Ft.  In. 

Upper  Freeiwrt 5  4        4  0  4  1  4  2  5  0 

Interval  44  2  (M)  0  (59  0  53  6  50  0 

liower  Preeport  5  0        3  1  2  0  3  2  3  7 

Interval   43  10  27  6  38  0  45  4  45  0 

Upper  Kittanning 2  10        2  6  4  0  5  4  2  7 

Interval  54  0  80  0  68  0^ 

Middle  Kittanning 3  8        3  0  1  8C94  497  11 

Interval  38  0  23  0  22  O) 

Lower  Kittanning   3  6        4  0  4  0  3  3  4  6 

Interval  35  8  22  6  20  0  33  10 

Clarion 182050  0268  11 

Interval  30  0  28  3  29  8 

Brookville 5  0        4  9  1  8  ..  ..  3  6 

I.  Bennington  (d'lnvilliers). 
II.  Bens  Creek  (Prosser  and  Hardin). 

III.  Sonman  shaft  (Prosser  and  Hardin). 

IV.  Sonman  borehole  (Prosser  and  Hardin). 
V.  Wilmore  borehole  (d'Invilliers). 

The  Gorman  coal  bed  is  in  the  second,  at  46  feet  below  the  Upper  Kit- 
tanning, and  in  the  last  a  thin  coal  at  36  feet  above  the  Lower  Kittan- 
ning represents  the  Middle  Kittanning.  The  Upper  Preeport  limestone 
is  in  the  first  three,  while  in  the  third,  which  is  very  near  the  east  side  of 
the  basin,  one  finds  for  the  first  time  the  Johnstown  limestone.  The 
Lower  Preeport  limestone  is  shown  on  the  southern  border  of  the  county. 
On  the  western  side  of  Cambria,  in  the  Johnstown  subbasin,  the  Johns- 
town is  the  only  limestone  shown  in  Mr  Pulton's  section.  It  underlies 
the  Upper  Kittanning  coal  directly.  The  whole  series  of  coal  beds  is 
present,  but  the  only  prominent  sandstone  is  the  Preeport — massive, 
micaceous,  and  21  feet  thick.* 

Comparatively  few  details  respecting  the  Allegheny  are  available  in 
Somerset  south  from  Cambria.  The  beds  are  reached  for  the  most  part 
only  in  gorges  of  Laurel  hill  or  the  Allegheny  where  the  region  is  still 
largely  forest.  The  Brookville  and  Tjower  Kittanning  were  recognized  on 
the  Allegheny,  50  to  60  feet  apart,  with  another  at  100  feet  higher.  The 
Upper  Kittanning  and  both  Preoports  appear  to  be  persistent  in  Xegro 
mountain  where  the  liOwer  Preeport  and  Johnstown  Cement  limestones 
are  present.  In  the  center  of  the  county,  near  Somerset,  the  Preeport 
sandstone  is  massive  and  30  feet  thick;  but  there  only  the  Johnstown 

•  F.  Piatt:  Blair  county    (T).  p.  95. 
F.  and  W.  G.  Piatt:  Cambria  (H  2).  pp.  3,  4,  40,  41.  61-64.  100.  115. 
J.  Fulton  in  (H  2).  pp.  97-98:  Appendix  to  H  3,  p.  367. 
A.  G.  Prosser  and  O.  B.  Hardin :  The  same.  374.  377,  379. 
E.  V.  d'Invilliers:  Final  Kept.,  1895.  plate  414.  opposite  p.  2220. 
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cement  was  seen.     The  Gorman  coal  bed  is  in  sonic  of  the  sections  at  15 

feet  above  the  Middle  Kittanning.     A  notable  section  was  obtained  by 

Mr  W.  G,  Piatt  on  Castlemans  river,  in  the  southern  part  of  the  county. 

It  is  as  follows,  the  identifications  being  by  the  writer : 

Feet.  Inches 

1.  Upiier  Freeport  coal  bed 2  0 

2.  Shales  and  concealed 75  0 

3.  Lower  Freeport  coal  bed 10  2 

Feet.      Inches 

Coal    2  10 

Bone  and  clay 4  0 

Coal   3  4 

4.  Fireclay 2  0 

5.  Lower  Freeport  limestone 2  0 

6.  Fireclay  and  ore 3  9 

7.  Concealed 25  0 

8.  Upper  Kittanning  coal  bed Blossom 

9.  Interval  3  0 

10.  Johnstown  cement  limestone 3  0 

11.  Concealed  5  0 

12.  Sandstone  18  0 

13.  Middle  Kittanning  coal  bed 2  0 

14.  Fireclay  and  concealed 16  0 

15.  Sandstone 35  0 

16.  Lower  Kittanning  coal  bed 17  6 

Feet.      Inches 

Coal   1  0 

Clay,  sandstone 8  0 

Black  shale 8  0 

Coal  0  '        6 

17.  Concealed,  shale,  fireclay 33  0 

18.  Clarion  sandstone 10  0 

19.  Brookville  coal  bed 14  4 

Feet.  Inches 

Coal    1  2 

Clay  3  0 

Shale   7  0 

Coal   1  6 

Shale   2  0 

Coal    1  6 

20.  Concealed  to  Pottsville 10  0 

Irregularity  of  deposit  frequently  characterizes  all  beds  of  the  series, 
but  it  is  especially  characteristic  of  the  Kittannings  and  lower  coal  beds. 
The  Upper  Freeport  limestone  is  not  in  this  section,  but  it  is  present  else- 
where, being  almost  as  persistent  as  the  other  limestones  in  the  southern 
and  western  portions  of  the  county.  The  Gorman  and  Clarion  beds  have 
not  been  recognized  in  Somerset.* 

*F.  and  W.  G.  Piatt:  Somerset  (H  3),  pp.  122123,  127,  120,  130,  194-195,  282-283. 
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Before  following  the  section  into  Maryland  it  may  be  well  to  sum- 
marize the  conditions  in  Pennsylvania.  The  thoroughly  persistent  coal 
beds  are  the  Upper  Preeport  and  Tjower  Kittanning,  both  of  which  attain 
great  commercial  importance  in  several  parts  of  the  basin.  The  others 
are  of  irregular  occurrence  and  vary  so  in  the  quality  of  their  coal  that 
they  are  seldom  of  any  importance.  The  intervals  between  the  beds  show 
great  variation  in  almost  contiguous  sections,  but  it  is  worthy  of  note 
that  the  interval  l)etween  the  two  important  coal  beds,  Upper  Preeport 
and  Lower  Kittanning,  shows  little  variation  in  any  given  area.  It  ex- 
hibits great  regularity  as  appears  from  this  table: 

Feet 

Snowshoe,  Center  county  (F.  Piatt) 172  B. 

Morrisdale,   Clearfield  county    (Chance) 168  W. 

Houtzdale.  Clearfield  county  (I.  C.  White) 161  W. 

Bennington,  Blair  county  (Fulton) 179  E. 

The  same    (dTnvilUers) 193  E, 

Sonman,  Cambria  county 204  E. 

Wilmore,  Cambria  county  (d'Invilliers) 105  E. 

Johnstown,  Cambria  county  (Fulton) 181 W. 

Hooversville,  Somerset  county  (W.  G.  Piatt) 195  W. 

Castlemaus,  Somerset  county  (W.  G.  Piatt) 200  W. 

The  letters  refer  to  the  east  and  west  sides  of  the  basin.     Prom  Clearfield 
southward  there  is  evidently  an  increase  in  thickness  of  the  measures. 

No  limestone  is  reported  on  the  easterly  side  of  this  basin  north  from 
Cambria  county,  where  one  finds  the  Upper  Preeport  and  at  3  or  4  miles 
farther  south  the  Johnstown  cement ;  but  the  Lower  Preeport  occurs  on 
the  westerly  side  as  far  north  as  Snowshoe,  in  Center,  and  the  Johnstown 
cement  is  said  to  be  in  northern  Clearfield.  In  central  and  in  most  of 
southern  Clearfield  all  limestone  is  wanting  practically,  the  limestone 
border  evidently  skirting  the  eastern  edge.  The  distribution  of  the  limcj- 
stones  geographically  is  capricious  in  the  extreme,  only  the  Jolmstown 
being  reasonably  persistent ;  it  is  generally  found  wherever  its  horizon  is 
exposed.  The  composition  of  the  limestones  is  equally  variable ;  each  of 
them  at  times  is  pure  enough  to  yield  very  fair  lime,  but  they  are  fre- 
quently so  siliceous  or  so  argillaceous  as  to  be  worthless  for  any  purpose, 
and  such  changes  occur  within  short  distances.  None  of  them  is  mArk- 
edly  fossiliferous;  several  contain  minute  univalve  shells,  but  distinctly 
marine  forms  were  not  seen  in  any.  The  Butler,  Preeport,  Kittanning, 
and  Clarion  sandstones  are  unimportant.  The  Preeport  interval  usually 
contains  some  sandstone,  at  times  massive,  even  pebbly,  but  the  other  in- 
tervals are  filled  for  the  most  part  with  shale  except  in  Somerset  and 
southern  Cambria,  where  the  Clarion  is  frequently  a  massive  rock. 


ALLEGHENY  FORMATION   OF  FIRST   PENNSYLVANIA  BASIN         87 

Passing  over  into  Garrett  county  of  Maryland,  one  has  Mr  Martin's 
measurements  in  the  Salisbury  subbasin  at  7  or  8  miles  from  the  Penn- 
sylvania line.  There  the  thickness  of  the  Allegheny  is  given  as  257  feet 
6  inches.  The  Upper  Freeport  is  in  all  13  feet  5  inches  thick,  but  con- 
tains a  parting  of  almost  11  feet  of  black  slate  and  a  thin  layer  of  bony 
coal.  It  is  136  feet  above  the  bed  designated  Middle  and  Lower  Kittan- 
ning,  a  mass  of  shale  and  coal  14  feet  thick,  with  three  thin  benches  of 
coal  and  two  partings,  each  somewhat  more  than  5  feet  thick.  Midway 
between  these  beds  is  another  consisting  of  two  streaks  of  coal,  2  and  14 
inches  respectively,  separated  by  12  feet  of  shale.  A  sandstone  51  feet 
is  below  the  Kittanning,  and  at  79  feet  below  that  coal  bed  is  another 
double  bed,  the  benches  8  and  12  inches,  with  14  feet  of  shale  parting 
them.  The  relations  are  somewhat  obscure,  as  the  thickness  of  the  Cone- 
maugh  is  very  much  greater  than  at  any  other  locality  in  this  or  any  other 
basin,  being  given  as  718  feet,  while  at  a  few  miles  west  and  north  it  is 
not  far  from  600  feet. 

At  a  few  miles  west,  near  Oakland,  another  section  is  given,  being  the 
record  of  a  boring;  it  is: 

Feet  Feet 

1.  Mahoning  sandstone  

2.  Concealed,  about  40  0 

3.  Lower  Freeport  coal  bed 2  8 

Consists  of  8  layers  of  coal,  bone  and  shale. 

4.  Concealed,  about  80  0 

5.  Sandstone,  coarse  to  shaly 40  9 

6.  Shales 12  9 

7.  Middle  and  Lower  Kittanning  coal  bed 3  9 

Feet.      Inches 

Coal    1  4 

Bone 0  7 

Shale  0  6 

Coal   1  4 

a  Gray  shale 13  4 

9.  Calcareous  rock  1  2 

10.  Black  shale  3  11 

11.  Split-six  coal  bed 1  7 

Feet      Inches 

Shale  and  bone 0  8 

Coal   0  11 

12.  Shales,  gray,  green,  red,  black. 73  6 

13.  Shales  and  sandstones  18  3 

14.  Fossiliferons  limestone,  ferriferous 1  2 

15.  Alternating  shale  and  sandstone •. . . .  17  0 

10.  Clarion  coal  bed 0  5 

17.  Fireclay,  flint  and  plastic,  shale 7  4 
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Here  the  interval  from  Lower  Freeport  to  Middle  Kittanning  is  about 
143  feet ;  at  the  other  measurement  it  is  about  10  feet  less  from  Upper 
Freeport  to  the  Kittanning.  The  Split-six  may  be  part  of  the  Lower 
Kittanning.  The  fossiliferous  limestone,  Number  15,  correlated  with  the 
Vanport  of  western  Pennsylvania,  is  rich  in  marine  forms,  mostly 
brachiopods,  at  this  locality.  A  limestone  at  var3ring  distances  below 
the  Lower  Kittanning  has  been  observed  in  Garrett  and  Allegany  coun- 
ties of  Maryland,  but  elsewhere  in  this  region  it  contains  only  forms  of 
doubtful  affinity.  Whether  this  be  the  same  with  the  fossiliferous  lime- 
stone of  the  boring  can  hardly  be  asserted  positively.  This  Herrington- 
Manor  limestone  is  at  a  very  great  distance  below  the  Kittanning  as  com- 
pared with  that  of  the  Vanport  farther  west.  The  flint  clay  under  the 
Clarion  (Brookville)  coal  is  a  common  feature  farther  west. 

Doctor  White  gives  a  section  in  Preston  county  of  West  Virginia, 
within  the  Johnstown  subbasin,  which  shows  the  Upper  Freeport  at  about 
56  feet  above  the  Lower  Freeport  and  about  141  feet  above  the  ^liddle 
Kittanning,  which  is  90  feet  above  1  foot  of  coal  separated  by  18  feet 
from  a  mass  of  coal  and  clay  8  feet  thick.  It  is  not  impossible  that  the 
Lower  Freeport  of  the  Herrington-Manor  section  is  the  Upper,  as  the 
bed  shows  the  same  general  structure  throughout,  but  improves  west- 
wardly,  being  of  much  economic  importance  in  this  portion  of  Preston 
coimty.* 

SBOOND  BITUMINOUS  COAL  BASIN  OF  PENNSYLVANIA 

The  Second  bituminous  basin  of  H.  D.  Rogers,  lying  west  from  Laurel 
Hill,  is  narrow  and  well  defined,  having  in  most  of  its  extent  the  great 
anticline  of  Chestnut  hill  as  its  western  boundary.  The  most  northeast- 
erly patches  of  Allegheny  are  in  Tioga  county,  not  far  from  the  line  of 
New  York,  whence  the  formation  can  be  followed  across  Clinton,  Center, 
Clearfield,  Cambria,  Indiana,  Westmoreland,  and  Fayette  counties  of 
Pennsylvania  into  Preston  county  of  West  Virginia. 

Mr  Piatt  gives  measurements  at  six  localities  in  the  Blossburg  and 
other  areas  of  Tioga  county,  showing  six  coal  beds  varying  greatly  in 
thickness,  as  do  also  the  intervals  between  them.  Only  one  of  them  is  of 
economic  importance,  the  Bloss,  which  is  the  fourth  in  descending  order. 
^Ir  David  White  regards  this  as  equivalent  to  the  bed  B  of  Lycoming 
county,  which  he  refers  to  the  Mercer  horizon  of  the  Pottsville.     Only 

•  G.  C.  Martin :  Maryland  G«ol.  Surrey.  Garrett  county,  1902,  pp.  116-117.  119,   129. 
I.  C.  Wbite :  BuHetin  do.  65,  p.  76,     W.  Va.  Geol.,  toL  U,  pp.  349.  409,  411. 
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the  upper  two  beds  can  be  placed  in  the  Allegheny,  and  their  relations  to 
beds  farther  south  can  not  be  determined  on  stratigraphical  grounds.  The 
nearest  measurement  is  that  at  Benovo,  in  Clinton  county,  32  miles  south- 
west, and  the  next,  by  Doctor  Chance,  is  about  13  miles  farther.  These 
are  not  sufficiently  complete  to  make  comparison  with  the  Tioga  section 
or  even  with  the  detailed  sections  obtained  in  Center  county  and  beyond.* 
Mr  d^Invilliers's  section  in  Center  county  has  a  familiar  look ;  this  is 
about  15  miles  northwest  from  Snowshoe,  in  the  First  basin.  At  a  few 
miles  southwest  in  Clearfield  is  Mr  James's  section  at  Karthaus,  recorded 
by  the  First  Pennsylvania  Survey,  and  at  Clearfield,  nearly  16  miles 
farther,  is  a  section  by  Doctor  White.  These  in  .the  order  given  are  as 
follows : 

Feet      Inches.  Feet      Inches.  Feet  Inches 

Upper  Freeport 3  6  6  0  4  4 

Interval  50  0  47  0  50  0 

Lower  Freeport Thin  0  0  10  2  6 

Interval  42  0  32  6^ 

Upper  Kittanning 2  8  3  oC  70  0 

Interval  34  0  38  6) 

Middle  Kittanning 3  0             3  2  16 

Interval  45  0  33  0  35  0 

Lower  Kittonning  2  6             3  0  2  0 

InterT.al  32  0  37  6  45  0 

Clarion  and  shale 1  6             1  6  10  6 

Interval  22  0  36  9  10  0 

BrookTiUe 2  6             1  0  2  0 

The  interval  from  Upper  Freeport  to  Lower  Kittanning  varies  from 
158  feet  6  inches  to  176  feet,  but  another  measurement  by  Mr  d'Invilliers 
in  Center  county  gives  only  163  feet  6  inches ;  so  that  the  variation  in  this 
distance  of  about  30  miles  is  insignificant.  Clearfield  is  10  or  12  miles 
northwest  from  Houtzdale,  in  the  First  basin,  where  the  interval  is  161 
feet.  The  "Big  bed"  of  the  Karthaus  section  is  clearly  the  Upper  Free- 
port,  which  is  the  important  bed  in  this  region,  as  it  is  in  Snowshoe.  The 
Lower  Freeport  is  worthless,  as  in  Snowshoe  and  in  the  First  basin  within 
Clearfield.  The  Gorman  coal  bed  is  reported  in  several  sections,  but  as 
in  the  other  basin  is  always  unimportant.  Doctor  Chancers  sections  show 
that  the  Lower  Freeport  limestone  is  persistent  as  far  north  as  Karthaus, 
beyond  which  it  soon  disappears.     The  Upper  Freeport  limestone  is  of 

*P.  Piatt:   (G),  pp.  166,   174»  176,   186,   189. 
C.  A.  Aahburner:    (G  4),  p.  74. 
fi.  M.  Chance  :  (G  A\  p.  69. 
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uncertain  occurrence  and  the  Johnstown  cement  extends  northward  to  but 
a  little  way  beyond  Clearfield.* 

Mr  d'Invilliers  reports  several  sections  in  northwestern  Cambria  show- 
ing the  varying  intervals  within  an  area  of  8  or  9  square  miles,  thus : 

Feet  Inches.  Feet  Inches 

Upper  Freeport  3  6    to  4  0 

Interval 33  0    to  50  0 

Lower  Freeiwrt  3  0    to  4  6 

Interval 35  0    to  46  0 

Upper  Klttanning  3  Oto  7  0 

Interval 34  0    to  48  0 

Middle  Klttanning 2  Oto  2  0 

Interval 35  0    to  45  0 

Lower  Klttanning 4  Oto  7  5 

Interval 15  0    to  22  0 

Clarion  1  8    to  1  10 

Interval 30  0    to  30  0 

Brookville 2  0    to  3  0 

But  while  the  intermediate  intervals  show  such  variation,  that  between 
the  Upper  Freeport  and  Lower  Klttanning  varies  only  from  163  to  168 
feet,  the  increase  being  southwestwardly,  which  continues,  for  on  Black 
lick  the  interval  is  183  feet.  The  increase  here  is  in  the  upper  part  of 
the  section  between  the  Freeport  coal  beds.  Shales  predominate  in  all 
of  the  sections,  but  the  Freeport  sandstone  is  present  in  two  of  them. 
The  Upper  Freeport  and  Johnstown  cemenjt  limestones  are  present  in  sev- 
eral of  the  sections,  especially  on  Black  lick,  where  the  Lower  Kittanning 
is  the  important  coal  bed.f 

In  Indiana  county  the  Second  basin  is  known  as  the  Ligonier  valley, 
and  this  name  is  retained  southward  into  West  Virginia.  Most  of  the 
area  is  covered  by  the  Conemaugh,  and  the  Allegheny  is  reached  near  the 
mountains.  Near  the  Clearfield  line  the  Upper  Freeport  is  8  feet  4  inches 
thick,  carries  on  top  8  inches  of  bony  coal,  and  is  divided  by  a  4-inch 
parting,  thus  resembling  the  structure  observed  at  many  places  in  the 
First  basin  as  well  as  farther  north  in  this.  A  section  on  the  west  side 
not  far  from  the  Clearfield  line  is : 

*  Geology  of  Pennsylvania :  Vol.  il,  p.  626. 

B.   V.  d'Invmiers:   (T  4),   p.   124. 

H.  M.  Chance:    (U.  7),  pp.  38,  41-42,  46,  63,  66,  61,  03,  96,  99,  103.  116,  129. 

I.  C.   White:  BuHetin  no.  66,  p.   123. 
t  B.  V.  d*InTiUiera :  Final  Report,  plates  416,  418,  opposite  pp.  2222.  2230. 


ALLEGHENY  FOBMATION  OF  SECOND  PENNSYLVANIA  BASIN        91 

Feet.  Inche* 

1.  Mahoning  sandstone  

2.  Upper  Freeport  coal  bed 4  0 

3.  Fireclay,  sandy  shale 15  0 

4.  Black  shale  and  thin  coal 2  0 

5.  Upper  Freeport  limestone  and  clay    .........  11  0 

6.  Fireclay 5  0 

7.  Interval  30  0 

8.  Lower  Freeport  coal  bed  Thin 

9.  Lower  Freeport  limestone,  about.  • 7  0 

10.  Interval  43  0 

11.  Upper  Kittamiing  coal  bed Blossom 

12.  Interval  50  0 

13.  Middle  Kittanning  coal  bed 4  0 

14.  Mostly  sandstone 40  0 

15.  Lower  Kittanning  coal  bed 4  0 

16.  Black  shale  20  0 

17.  Ck>al  bed  [Clarion]   , 0  6 

la  Black  shale 25  0 

19.  Clay  shale 5  0 

to  the  Pottsville.  This  is  the  most  northerly  exposure  of  the  little  coal 
on  the  Upper  Freeport  limestone,  already  seen  at  Bemiington,  in  Blair 
county.  The  principal  sandstones  of  the  formation  are  wanting  and  the 
Brookville  coal  bed  does  not  appear  in  the  section.  At  8  miles  southeast^ 
where  an  anticline  brings  up  the  Allegheny,  the  interval  between  the 
Freeport  coals  has  increased  to  76  feet,  but  that  from  Upper  Freeport  to 
Lower  Xittanning  is  unchanged.  At  6  miles  southeast  from  this  place 
the  Freeports  are  90  feet  apart,  but  the  interval  between  Upper  Free- 
port  and  Lower  Kittanning  is  barely  200  feet,  a  little  less  than  in  the 
measured  section  given  above.  The  Clarion  sandstone  is  massive,  25  feet 
thick,  and  rests  on  the  Brookville  coal  bed,  which  is  a  mass  of  coal  and 
shale  7  feet  thick.  On  the  Conemaugh  river  one  finds  the  Upper  and 
Lower  Freeport  and  Johnstown  cement  limestones ;  the  Freeport  and  Kit- 
tanning sandstones  are  distinct,  though  hardly  cliff-making,  while  the 
Clarion  is  massive,  30  feet  thick,  and  rests  on  the  Brookville  coal.  The 
coal  beds  for  the  most  part  are  not  important.  The  Upper  Freeport  is 
often  thick,  but  usually  slaty ;  the  Ijower  Freeport  is  variable  in  thickness 
and  always  poor,  while  the  Lower  Kittanning,  though  often  thick  and 
mined,  nevet  yields  coal  comparable  with  that  obtained  from  this  bed  in 
Cambria  county.* 

Stevenson's  work  in  Westmoreland  and  Fayette  counties  seems  to  dis- 
agree with  that  of  observers  in  adjacent  areas^  because  his  nomenclature 

*W.  O.  Piatt:  Indiana  (H  4),  pp.  65.  121»  126,  189,  146. 
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differs  from  that  employed  by  Mr  Piatt.  At  the  time  his  work  was  done 
the  succession  of  the  Allegheny  coal  beds  had  not  been  determined  and 
the  nomenclature  had  not  been  fixed.  The  tenns  employed  by  him  should 
be  corrected  as  follows  to  agree  with  Professor  Lesle/s  classification  pub- 
lished in  the  Armstrong  report  in  1880: 

Upper  Eittanuing  Iliiiestone.  Johnstown  cement 

Lower  Kittanning.  Middle  Kittanning. 

Clarion  coal  bed.  Lower  Kittanning. 

Stevenson  gives  a  section  on  the  east  side  of  the  basin  showing  160  feet 
of  conglomerate,  beginning  at  120  feet  below  the  Upper  Freeport,  and 
identifies  the  coal  resting  upon  it  with  the  Brookville.  But  this  was  an 
error,  for  there  one  has  merely  an  enormous  expansion  of  the  sandstones  at 
the  bottom  of  the  Allegheny,  making  them  continuous  with  the  Pottsville, 
as  in  many  extensive  areas  within  western  Pennsylvania  and  West  Vir- 
ginia. The  interval  between  the  Freeport  coals  is  as  variable  as  in  In- 
diana; at  10  miles  south  from  the  Conemaugh,  on  the  cast  side  of  the 
basin,  those  coals  are  92  feet  apart,  with  all  members  of  the  section 
present  down  to  the  Johnstown  cement ;  but  within  a  few  miles  this  in- 
terval decreases  to  39  feet  in  a  section  showing  all  three  of  the  limestones. 
The  general  succession  in  Westmoreland  and  Fayette  is  shown  by  a  sec- 
tion in  each  coimty,  thus: 

Feet       Inches.  Feet    Inches 

1.  Upper  Freeport  coal  bed 4  0  3  0 

2.  Interval    62  0  44  0 

3.  Lower  Freeport  coal  bed 0  6  0  6 

4.  Interval    18  0  30  0 

5.  Upper  Kittanning  coal  bed  and 

shale  6  7           4     to      7            0 

6.  Interval    47  7  ^ 

7.  Middle  Kittanning  coal  bed....  3     to      4  oC                   118            0 

8.  Interval    51  6 ) 

0.  Lower  Kittanning  ct>al  bed....  5  0  Blossom 

10.  Interval    75  0  60  0 

11.  Brookville  coal  bed 2  0  2     to      3  0 

12.  Shale  and  clay 25  0  10  0 


to  the  Pottsville.  The  Clarion  coal  bed  evidently  disappears  in  southern 
Indiana,  as  no  trace  of  it  was  seen  in  any  Westmoreland  section,  though  in 
some  cases  the  exposure  below  the  Lower  Kittanning  (Clarion  of  Steven- 
son) is  complete.  The  Brookville  is  persistent  to  the  Mary  land- West 
Virginia  border,  often  attaining  a  considerable  thickness  and  yielding 
good  coal,  though  ordinarily  so  badly  broken  by  clay  beds  as  to  be  un- 
available.    The  Lower  Kittanning  is  persistent,  but  is  seldom  workable, 
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for  when  thick  it  contains  much  refuse.  Stevenson  reports  it  as  5  feet 
11  inches  at  one  locality  in  Fayette,  but  Campbell  has  proved  the  identifi- 
cation erroneous  and  the  bed  is  probably  higher  in  the  formation.  The 
Middle  and  Upper  Kittanning  rarely  attain  even  local  importance; 
iifiually  thin,  they  sometimes  thicken  up  to  a  worthless  mass  of  coal  and 
shale.  The  Lower  Preeport  is  always  insignificant.  The  Upper  Freeport 
bwomes  very  thick  on  the  west  side,  but  is  brcJcen  by  partings.  At  onc^ 
locality  near  the  West  Virginia  line  it  is  9  feet  7  inches  thick,  with  16 
layers  of  coal,  shale,  and  clay.  On  the  easterly  side  it  is  commonly  double, 
2  to  6  feet  thick,  but  the  coal  is  tender,  sulphurous,  and  high  in  ash. 

The  Upper  Freeport  limestone  appears  in  most  of  the  sections,  but  the 
liower  Freeport  appeajs  rarely  south  from  Westmoreland,  and  the  Johns- 
town seems  to  be  absent  from  Fayette.  The  Freeport  and  Kittanning 
sandstones  are  distinct,  rarely  other  than  massive  in  these  counties.* 

The  intervals  between  the  several  coal  beds  show  as  great  variation  as  in 
the  First  bq^in,  but  that  between  the  Upper  Freeport  and  the  Lower  Kit- 
tanning shows  narrow  variations  within  considerable  areas ;  these  may  be 
fiummarized  thus: 

Feet.  Feet 

Center  (d'lnvllHers)    163     to    176 

Clearaeld  (James)   168 

Clearfield  (I.  C.  White)   169 

Northwest  Cambria  (d'lnvUliers)   163     to    168 

Western  Cambria 183 

Indiana  ( W.  G.  Piatt)  207 

Northern  Westmoreland  (Stevenson) 251 

Central  Westmoreland  ( Stevenson)  189 

Southern  Fayette  ( Stevenson)   197 

North  from  Fayette  county  the  presence  of  the  three  limestones  in  almost 

all  of  the  sections  renders  the  identifications  certain.     These  limestones 

are  non-fossiliferous  and  show  as  notable  variation  in  composition  and  in 

appearance  aa  they  do  in  the  First  basin. 

Passing  over  into  Preston  county  of  West  Virginia,  one  finds  at  12 

or  13  miles  from  the  Pennsylvania  line  the  following  measurements  of 

cores  obtained  by  diamond  drill: 

Feet.  Inches 

1.  Upper  Freeport  coal  bed  and  partings 10  2 

2.  Fireclay,  limestone,  sandstone 21  1 

3.  Green  shale  and  sandstone 14  2 

4.  Gray  sandstone,  Upper  Freeport  [Butler]....  29  8 

5.  Lower  Freeport  coal  bed 1  1 

*i.  J.  SteTenson:  Lfgonler  valley  (K  3),  pp.  89,  185,  168,  172. 
tf.  E.  Campbell :  U.  S.  Geol.  Surrey  folio,  Masontown-Uniontown,  1903. 
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Feet.  Inches. 

6.  Fireclay,  greeu  shale,  sandstone 7  6 

7.  Hard  pebbly  sandstone  [Freeport] 76  4 

8.  Black  shale,  Middle  Kittanning  coal  bed 8  5 

9.  Slate,  shale,  fireclay  61  8 

10.  Gray  sandstone 6  1 

11.  Slate  and  coal 1  0 

12.  Shale 7  6 

13.  Clarion  coal  bed  [Brookville] 9  1 

14.  Fireclay 12  10 

to  the  Pottsville  sandstone.  The  Upper  Freeport  is  86  feet  below  the 
Brush  Creek  limestone,  which  is  embedded  in  black  fossiliferous  shale 
immediately  overlying  the  Brush  Creek  coal  bed.  The  interval  from 
Upper  Freeport  to  the  Middle  Kittanning  is  146  feet,  and  to  the  top  of  the 
fireclay  which  underlies  the  place  of  the  Tjower  Kittanning  199  feet, 
almost  the  same  as  in  southern  Fayette.  The  Brookville  coal  bed  is 
worthless,  in  two  nearly  equal  benches  of  slaty  coal,  separated  by  6  feet 
5  inches  of  fireclay.  The  Lower  Freeport  is  a  double  bed  and  the  Upper 
Freeport  is  in  13  layers  of  coal,  bone,  and  slate. 

At  a  few  miles  farther  south  this  Second  basin,  owing  to  the  decreasing 
strength  of  Chestnut  hill,  becomes  continuous  with  the  western  basins, 
and  it  will  be  described  in  connection  with  the  West  Virginia  area.* 

WESTERN  BASINS  OP  PBNNBYLVAHIA 

The  region  west  from  Chestnut  Hill  anticline  to  the  Ohio  line  may  be 
considered  as  one,  there  being  no  very  strongly  marked  divisions. 

A  small  area  of  Coal  Measures  remains  in  Tioga  and  Potter  counties 
near  the  line  of  New  York,  in  which  the  upper  part  of  the  section  may 
belong  to  the  Allegheny,  but,  as  Mr  David  White  has  shown,  the  greater 
part  belongs  to  the  Pottsville,  according  to  the  testimony  of  the  plant 
remains.  The  distance  from  other  areas  is  too  great  to  admit  of  correla- 
tion on  any  other  basis. 

Some  isolated  patches  remain  in  McKean  county,  west  from  Potter,  the 
most  northerly  being  about  10  miles  north  from  the  line  of  Elk  county, 
where  the  section  reaches  upward  to  the  Middle  Kittanning  coal  bed. 
The  persistent  coals  are  those  named  Dagus  and  Clermont,  which  Mr 
Ashburner  identifies  with  the  Lower  Kittanning  and  Clarion.  Between 
them  is  the  Vanport  (Ferriferous)  limestone  at  8  to  30  feet  below  the 
Dagus  coal,  wanting,  however,  at  the  most  northerly  exposure  as  well  a» 
in  the  southeastern  part  of  the  county,  and,  where  present,  somewhat  im- 
pure, though  at  times  8  feet  thick.     The  interval  between  Dagus  and 

•  I.  C.  White :  Geology  of  West  Virginia*  toI.  il»  pp.  311,  844. 
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Clermont  varies  from  43  at  the  north  to  78  feet  in  the  southeast,  an  inters 
mediate  measurement  being  51  feet.  A  thin  coal  bed,  without  value,  seen 
occasionally  between  the  Dagus  and  Clermont,  is  regarded  by  Mr  Ash- 
bumer  as  probably  the  Scnibgrass  coal  bed  of  T.  C.  White,  belonging 
under  the  Vanport  limestone.* 

The  shallow  synclines  of  northwest  Cameron,  west  from  Clinton  and 
Potter,  south  from  McKean,  carry  patches  of  Allegheny  showing  the 
three  coal  beds  of  McKean,  which  are  separated  by  intervals  of  29  feet 
6  inches  and  52  feet,  the  interval  between  Dagus  and  Clermont  being 
84  feet  6  inches,  6  feet  greater  than  in  the  adjacent  part  of  McKean.  The 
Vanport  limestone  is  absent.  This  section  would  place  the  Clermont  coal 
bed  at  the  Brookville  horizon,  f 

The  complete  Allegheny  section  is  reached  in  southern  Elk  county, 
west  from  Cameron  and  south  from  McKean.  The  Middle  Kittanning 
is  the  highest  bed  in  Jones,  the  northern  township,  where  the  intervals  are 
greater  than  in  McKean,  and  40  feet  of  shale  separate  the  Lower  Kittan- 
ning and  the  Vanport  limestone.  The  latter,  9  feet  thick  and  double 
near  the  northern  line,  becomes  a  calcareous  chert  in  the  southern  part 
of  this  township  as  well  as  in  Sidgway,  but  in  the  southeast  part  of  the 
county  it  is  again  a  limestone.  A  thin  coal  bed,  Ferriferous  of  Ash- 
bumer,  but  clearly  the  Scrubgrass,  directly  underlies  the  Vanport  in  the 
northern  townships,  but  is  wanting  at  the  southeast  in  Benzinger,  where 
the  Clarion  coal  bed,  5  inches  thick,  is  at  13  feet  below  the  limestone  and 
16  feet  above  the  Clermont  (Brookville)  coal  bed. 

At  the  Dagus  shaft,  near  the  Clearfield  border,  Mr  Ashbumer  recog- 
nizes the  Freeport  coal  beds,  GO  feet  apart,  with  the  Johnstown  cement 
limestone  at  somewhat  more  than  60  feet  below  the  Lower  bed.  The 
Upper  Kittanning  is  not  exposed  above  the  shaft,  but  in  the  shaft  the 
Middle  Kittanning  is  shown  at  163  feet  and  the  Lower  Kittanning  at  212 
feet  below  the  Upper  Freeport.  The  Vanport  limestone  is  40  feet  below 
the  Lower  Kittanning,  and  another  cSoal  bed  is  reached  at  25  feet  lower, 
which  is  correlated  with  the  Clarion,  but  is  more  likely  to  be  at  the  Brook- 
ville horizon.  The  interval  between  the  Lower  Freeport  coal  bed  and  its 
underlying  limestone  varies  usually  2  to  5  feet,  but  in  Horton  township, 
near  the  southern  border  of  the  county,  it  varies  from  52  to  69  feet  and 
contains  two  coal  beds,  2  and  3  feet  thick ;  the  accuracy  of  Mr  Ashbumer's 
identifications  can  not  be  doubted,  for  all  four  limestones  are  present  in 
his  sections,  the  Vanport  being  richly  fossiliferous  and  35  feet  above  the 
Clarion   (Brookville)   coal  bed.     The  Upper  Freeport  is  divided  by  a 

•C.  A.  Aihburner:  McKean  county  (R),  pp.  45,  99,  127,  133,  139,  171-172,  189. 
tA.  W.  Shemffer:  Cameron   (R  R),  pp.  46-60. 
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parting  which  is  from  a  mere  film  to  20  feet  thick.  The  most  northerly 
point  at  which  the  Vanport  is  fossiliferous  is  in  Pox  township.* 

A  few  patches  remain  in  Forest  county  near  the  Elk  border,  showing 
50  feet  of  shales  and  sandstone  overlying  the  Clarion  (Brookville),  which 
is  2  feet  thick  and  rests  on  the  Homewood  sandstone.  The  Vanport  lime- 
stone was  not  seen.f 

Venango  county,  southwest  from  Forest  and  west  from  Clarion,  has 
scattered  patches  in  the  south  and  southeast  portion,  in  one  of  which 
Doctor  Chance  measured: 

Fcfet 

1.  Ferriferous  limestone   [Vanport] 8 

2.  Blue  slate   2 

3.  Coal  bed  [Scrubgrass]   1     to      2 

4.  Concealed  8     to    10 

5.  Sandstone  [Clarion]   56 

6.  Slate 6 

7.  Coal  bed  [Brookville]  2 

The  Vanport  limestone  is  of  uncertain  occurrence.! 

In  the  extreme  northern  part  of  Jefferson  county,  south  from  Elk  and 
Forest,  west  from  Clearfield,  the  Allegheny  has  been  removed,  but  in  most 
of  the  county  it  is  the  surface  formation,  and  the  Upper  Freeport  is  avail- 
able in  an  extensive  area  within  the  southern  third  as  well  as  in  the  north- 
east near  Brockwayville.     A  section  at  the  latter  locality  shows  : 

Feet 
Upper  Freeport 

Interval   43 

Lower  Freeport. 

Interval   46 

UiH^er  Klttanning. 

Interval   64 

Middle  Kittanning. 

Interval   45 

Lower  Kittanning. 

Interval   75 

Brookville. 

These  intervals  vary  little  from  those  of  Elk  county,  except  that  the  Free- 
ports  are  43  instead  of  54  to  70  feet  apart,  and  the  interval  from  Upper 
Freeport  to  Lower  Kittanning  is  only  187  feet.  The  Butler  and  Freeport 
sandstones  are  conspicuous,  but  the  Kittanning  interval  is  occupied  by 

«C.  A.  Ashburner:  Elk  <R  R),  pp.  69,  73,  106,  112-113,  160,  153,  186,  214,  217-218, 
227,  241,  246.  264. 

t  C.   A.   Aahburner:  Forest   (R   R),   p.  307. 

XH.  M.  Cbance:  Oil  Regions   (I  8),   pp.  437-438. 
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shale.  All  of  the  limestones  are  here.  In  the  central  and  northwestern 
parts  of  the  county  the  whole  interval  from  the  Vanport  down  is  filled 
with  sandstone^  mostly  massive,  but  the  normal  condition  exists  in  the 
north  central  part,  where  one  finds  the  Middle  and  Lower  Kittanning, 
55  feet  apart,  and  the  Scnibgrass,  or  Upper  Clarion,  directly  underlying 
the  Vanport  limestone,  is  35  feet  above  the  Brookville,  which  rests  on  the 
Homewood  sandstone.  The  coal  beds  of  the  Kittanning  and  Clarion 
groups,  though  persistent  and  at  times  of  workable  thickness,  rarely 
yield  good  coal.  The  Lower  Freeport,  somewhat  variable  in  thickness, 
is  important,  as  it  yields  good  coal,  while  the  Upper  Freeport,  equally 
persistent,  is  of  little  value.  The  Vanport  limestone  changes  in  the 
northwest  part  of  the  county  into  cherty  limestone,  and  then  into  cal- 
careous sandstone.  Eastwardly  it  thins  out  and  seems  not  to  extend 
beyond  the  middle  of  the  county.  Of  the  other  limestones  the  Johnstown 
cement  is  present  in  sections  showing  its  place,  the  TiOwer  Freeport  is  very 
irregular,  and  the  Upper  Freeport,  persistent  in  the  cast  and  south,  is 
apparently  absent  in  the  middle  and  northwest  portions.  The  great 
f^ndstones  are  represented  usually  by  shale.* 

Indiana  county  is  south  from  Jefferson  and  its  larger  part  lies  west 
from  Chestnut  hill.  A  narrow  area  exposing  the  Allegheny  stretches 
along  the  west  slope  of  that  ridge  from  Jefferson  county  to  the  Cone- 
maugh  river,  whence  it  extends  southwardly  across  Westmoreland  and 
Fayette  into  West  Virginia. 

Near  the  Jefferson  border  the  Upper  Freeport  shows  the  structure  so 
often  observed  in  the  Second  basin  and  is  5  feet  2  inches  thick,  but  yields 
worthless  coal.  The  interval  to  the  Lower  Freeport  is  75  feet  and  both 
limestones  are  present.  The  Upper  Kittanning  at  50  feet  lower  shows  at 
one  locality  the  feature  observed  already  in  that  bed  as  well  as  in  the 
Ix)wer  Freeport  and  to  a  somewhat  less  extent  in  the  Middle  Kittaifning, 

thus: 

Feet.      Inches.  Feet.  Inches.  Feet.      Inches 

Bony  coal  or  cannel....       13             8  3  12 

Coal,  good  but  friable...      2           7             2  7  2  7 

The  upper  division  has  21  to  24  per  cent  of  ash  and  the  lower  1.6,  while 
the  sulphur  is  practically  the  same  in  both,  .621  to  .654.  This  "pot"  of 
thick  cannel  embraces  only  a  few  acres.  The  Johnstown  cement  lime- 
stone is  here  with  the  Gorman  coal  bed  3  feet  thick  and  2  feet  below  the 
limestone.  The  I^wer  Freeport  farther  south  is  very  irregular;  the 
Vanport  was  not  seen  by  Mr  Piatt,  but  Mr  Richardson  has  recognized  it 

•  W.  O.  Piatt:  Jefferson  (H  6),  pp.  zzx-xzzU,  lOOp  111,  187,  100,  199. 
X — Bull.  Obol.  Soc.  Am.,  Vol.  17.  1905 
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in  a  well  on  Ramsay  run,  4  feet  5  inches  thick  and  238  feet  below  the 
Upper  Freeport  coal  bed.  He  found  traces  of  it  on  the  slope  of  Chestnut 
hill  at  80  feet  above  the  Pottsville  and  20  feet  below  the  Lower  Kittan- 
ning  coal.  On  Yellow  creek  the  intervals  are  much  reduced,  the  Upper 
Freeport,  Lower  Freeport,  and  Upper  Kittanning  being  but  55  and  25 
feet  apart,  the  associated  limestones  being  present.  A  thin  double  coal 
bed,  often  seen  in  the  Second  basin,  is  here  at  11  feet  below  the  Upper 
Freeport  and  3  feet  above  the  limestone.  The  intervals  increase  south- 
wardly, for  on  Black  Lick  creek  the  Upper  Kittanning  is  100  and  the 
Lower  Kittanning  189  feet  below  the  Upper  Freeport.  The  coals  are  all 
poor.  The  Freeport  and  Clarion  sandstones  are  conspicuous,  fine  grained, 
and  current  bedded.  The  Johnstown  cement  is  apparently  the  only 
limestone  present.  From  this  stream  to  the  Conemaugh  the  section  is 
clear.  The  little  coal  bed  below  the  Tapper  Freeport  persists.  The  Van- 
port  limestone  is  present  midway  in  the  county  where  an  anticline  brings 
it  up.* 

Clarion  county  is  south  from  Forest  and  west  from  Jefferson.  In  the 
northern  portion  the  section  seldom  extends  above  the  Middle  Kittanning, 
and  the  whole  section  is  found  only  in  some  widely  separated  areas  within 
the  southern  part  of  the  county. 

North  from  the  Clarion  river  one  finds  all  of  the  coals  below  and  in- 
cluding the  Middle  Kittanning.  The  interval  from  Lower  Kittanning 
to  the  Vanport  limestone  varies  from  8  to  20  feet  without  seriously  affect- 
ing the  interval  from  the  limestone  to  the  Middle  Kittanning.  Doctor 
Chance  shows  by  a  grouped  series  of  sections  that  the  .Scrubgrass  and 
Clarion  are  but  splits  of  one  bed.  The  varying  intervals  between  the 
beds  in  southern  Clarion  are  shown  by  these  measurements^  which  are  ar- 
ranged from  east  to  west: 

I.  Near  Fairmont,  Red  Bank  township. 
II.  In  same  township. 

III.  New  Bethlehem,  Porter  township. 

IV.  Wildcat,  Toby  towuship. 

V.  Hillville,  Madison  township. 


Ft       In.             Ft  Ft  Ft      In.  Ft      In. 

Upper  Freeport 4        0              4  ..  ..       ..  2       0 

Interval ^  t  40  45 

Lower  Freeport   l108        0         )    6           7|  ..       ..  108       0 

Interval  J  (95  68  | 

Upper  Kittanning 112           2  16  15 


•  W.  O.  Piatt:   Indiana  (H  4),  pp.  187,  189.  191-192,  205.  209,  211,  220,  223,  226-227. 
G.  B.  Ulcbardsou :  U.  S.  Geol.  Survey  folios,  Indiana.  1904. 
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Ft.        In.  Ft.  Ft.                Ft.       In.  Ft.       In. 

Interval  40        0  45  47            50        0^  ;  <«m 

Middle  Kittanning  ....13               2            2               38l  666 

Interval  48        0  SO")  37        O) 

Lower  Kittanning 2        6              4C64               3        0  3        6 

Interval  35        0  33)                       25        0  40        0 

Vanport  limestone  ....50              4            4              70  10        0 

Interval ^  /22        0 

Clarion C      . .       . .  . .  50             . .       . .  3    2        2 

Interval )  (230 

Brookviile . .  . .              . .       . .  Thin 


to  the  Pottsville.  The  interval  from  Upper  Freeport  to  Lower  Kittan- 
ning in  the  three  sections  showing  both  beds  is  198,  220,  and  176,  and  to 
the  Vanport  235,  2T1,  and  219  feet,  the  last  in  the  southwest  corner  of 
the  county.  At  one  mile  north  from  III  the  interval  between  Lower 
Freeport  and  Upper  Kittanning  is  but  40  feet,  and  at  two  miles  south,  in 
Armstrong  county,  it  is  only  25  feet,  showing  a  variability  in  this  interval 
such  as  has  been  noted  already  in  southern  Elk.  Of  the  limestones,  the 
Upper  Freeport  is  widely  distributed,  the  Ijower  Freeport  and  Johnstown 
cement  are  irregular,  while  the  Vanport  seems  to  extend  in  prongs  toward 
the  northwest.  The  Butler,  Freeport,  and  Kittanning  sandstones  are  dis- 
tinct in  the  southern  townships,  but  elsewhere  their  places  are  filled  for 
the  most  part  by  shales,  while  the  Clarion  is  a  well  marked  sandstone, 
20  to  30  feet  thick,  in  most  of  the  county.  The  Upper  Freeport  coal  bed 
is  good,  with  little  variation  in  thickness,  but  the  other  beds  are  of  no 
importance  except  the  Upper  Kittanning,  which,  in  a  small  area  within 
Porter  township,  has  a  cannel  roof  of  8  feet.* 

Armstrong  county,  south  from  Clarion,  west  from  Indiana,  and  north 
from  Westmoreland,  has  for  its  southern  boundary  the  Kiskiminetas,  the 
continuation  of  the  Conemaugh  river.  In  the  easterly  part  of  the  county 
the  section  is  followed  easily  from  Clarion  line  to  the  Kiskiminetas, 
though  the  intervals  between  the  coal  beds  show  notable  variations.  The 
Scrubgrass,  or  Upper  Clarion,  coal  bed  does  not  appear  in  any  of  the  sec- 
tions, but  the  others  are  persistent,  though  the  Upper  Freeport  and 
Lower  Kittanning  are  the  only  ones  of  economic  importance.  The  Upper 
Kittanning  has  a  cannel  roof  8  feet  thick  in  a  small  area  adjoining 
Clarion  county,  but  the  cannel  is  inferior.  The  Upper  Freeport  and 
Vanport  limestones  are  persistent  except  in  a  small  area  central  in  the 
county  where  the  lower  bed  seems  to  be  wanting.  The  sandstones  are  in- 
significant and  their  places  in  almost  all  of  the  sections  are  filled  with 
shale. 

•H.  M.  Chance:  Clarion  (V  V),  pp.  70-71,  75,  77,  79.  80-81,  88,  90-91,  95,  97,  103, 
107»  112,  121,  123,  125-126,  132,  186.  142-143,  147,  153,  158,  160,  175-176,  178,  181, 
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In  the  western  part  of  the  county,  heyond  the  Allegheny  river,  one 
reaches  the  western  limit  of  the  Johnstown  cement,  which  is  absent  at  the 
north  though  present  at  the  southwest  in  unimportant  development.  Of 
the  other  limestones,  the  Upper  Freeport  and  Vanport  are  persistent,  but 
the  Lower  Freeport  is  very  irregular.  The  Freeport  sandstone  is  con- 
spicuous and  at  times,  as  in. a  portion  of  Jefferson  county,  sandstone  fills 
practically  the  whole  interval  from  the  Vanport  to  the  Homewood  sand- 
stone. The  coal  beds  are  unimportant,  though  the  Upper  Freeport  is 
good  at  the  north,  and  in  many  places  the  Upper  Kittanning  shows  its 
tendency  to  accumulate  cannel  slate  on  top.  Two  measurements,  one  at 
the  north,  the  other  at  the  south,  show  the  relations  of  beds  on  this  west- 
ern side :  , 

Feet.  Feet.        Inches        Feet.         Feet.     Inches 

Upper  Freeport 7  0  2  6 

Interval  60  0  54  0 

Lower  Freeport 4tol  6  1  0 

Interval 05  0  35  0 

Upper  Kittanning 12     to      0  10  1  0 

Interval 45  0^ 

Middle  Kittanning 4  0  1  117  0 

Interval 35     to    40  OJ 

Lower  Kittanning   3  0  3     to        4  0 

Interval  33  C  25  0 

Vanport  limestone 15  0  Thin 

Interval  30  0  25  0 

Clarion    2     to      3  0  2  6 

Interval  22     to    32 

Brookville Thin 

But  the  interval  from  the  Upper  Freeport  to  the  Lower  Kittanning  is 
practically  the  same  in  both  sections.* 

Butler  county,  south  from  Venango,  west  from  Armstrong,  is  east  from 
Mercer,  Ijawrence,  and  Beaver. 

The  Vanport  limestone  is  present  throughout  except  in  small  patches 
at  the  northwest.  The  Lower  Kittanning,  hitherto  the  most  persistent 
of  the  coal  beds,  is  somewhat  uncertain  on  the  northern  border  and  seems 
to  be  wanting  in  considerable  areas  within  the  central  part  of  the  county. 
The  interval  to  the  Vanport  varies  from  10  to  45  feet,  the  least  thickness 
being  on  the  Lawrence  border  at,  say,  10  miles  south  from  the  Venango 
line;  thence  it  increases  eastwardly  to  15,  20,  30,  and  45  feet  within  10 
miles,  and  similar  increase  appears  southwardly.  The  Middle  Kittan- 
ning is  persistent,  and  in  the  absence  of  the  Lower  Kittanning  might  be 

•  W.  G.  Piatt:  Armstrong  (11  5).  pp.  6,  9.  16,  67,  92,  100,  10r»,  109,  115,  122,  143, 
147.  153,  165,  177,  191.  215,  222,  224,  267.  271,  288. 
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mistaken  at  times  for  that  bed,  as  the  interval  to  the  Vanbort  varies  from 
45  to  90  feet,  diminishing  westwardly.  This  bed  is  40  to  60*  feet  below 
the  Upper  Kittanning,  which  is  110  to  130  feet  above  the  VanporVand  ?n 
some  of  the  townships  is  largely  a  eannel.  The  interval  between  Upper 
Kittanning  and  Lower  Freeport  is  as  variable  as  in  Elk,  Clarion,  and 
Armstrong,  the  extremes  in  a  single  township  being  55  and  91  feet. 
Where  the  Freeport  sandstone,  occupying  this  interval,  is  divided  by  shale, 
a  coal  bed,  the  Currie,  occasionally  api)ears.  The  Lower  Freeport  is 
roofed  by  laminated  shale  and  coal  a  few  inches  to  10  feet  thick,  and  the 
Upper  Freeport,  50  to  60  feet  higher,  is  uncertain,  apparently  wanting  at 
many  localities. 

The  Scrubgrass,  Clarion,  and  Brookville  coal  beds  below  the  Vanport 
limestone  may  have  been  deposited  in  the  greater  part  of  northern  Butler, 
but  they  are  now  wanting  in  the  western  portion,  where  for  the  most  part 
the  Clarion  sandstone  is  continuous  with  the  Pottsville.  The  Freeport 
limestones  appear  in  only  a  few  sections  and  the  Johnstown  cement  is 
absent.* 

The  surface  rocks  in  southern  Butler  for  the  most  part  are  Conemaugh, 
but  the  Allegheny  beds  are  reached  on  the  east  side  in  deep  valleys  tribu- 
tary to  Buffalo  creek  and  on  the  north  and  west  in  the  valley  of  Conno- 
quenessing  creek.  Two  measurements  on  the  east  or  Armstrong  side  are 
important  for  correlation: 

Feet.       Inches.      Feet. 

Upper  Freeport 

Interval 

Lower  Freeport  Blossom  1     to 

Interval 80  0" 

Darlington  [Upper  Kittan- 
ning]          3  0 

Interval  70  0 . 

Kittanning  [Lower] 10  0 ' 

Intei*vul 55  0 

Ferriferous  limestone  [Van- 
port]  15  0 

Interval  20  0 

Clarion .' 2  0 

Interval  10  0 

to  sandstone.  The  interval  from  Lower  Freeport  to  the  Upper  Kittan- 
ning (Darlington)  is  very  like  that  in  much  of  northern  Butler  and 
northwest  Armstrong,  but  nearly  double  that  in  southwest  Armstrong, 
while  the  interval  from  Lower  Freeport  to  Lower  Kittanning  is  actually 

•H.  M.  Chance:  Northern  Butler  (V),  pp.  17,  28,  05,  97,  103,  105,  121,  123,  125, 
121),  130.  132,  134,  137. 


Feet 
3 

Inches 

2 

65 

0 

2 

0 

147 


3 

0 

55 

0 

16 

6 

12 

0 

3 

0 

30 

0 
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the  samA^  as'-.ik  -the  last.  The  interval  between  Upper  Kittanning 
(DaiHhgtqu)  and  Lower  Kittanning  in  western  Armstrong  varies  from 
95.Xd.  147,' that  between  Lower  Freeport  and  Lower  Kittanning  remaining 
.'the  same,  while  in  central  Butler,  Doctor  Chance's  section  shows  about 
85  feet  to  the  bottom  of  the  Lower  Kittanning,  differing  little  from  the 
interval  in  these  measurements  by  Doctor  White.  The  Lower  Kittan- 
ning is  from  3  to  11  feet  thick  and  one  of  its  benches  yields  good  coal; 
the  other  beds  are  without  value.  The  Butler  and  Kittanning  sand- 
stones are  massive.  In  the  southwest  corner  of  the  county  the  Freeport 
coal  beds  are  45  feet  apart  and  the  Darlington  (Upper  Kittanning)  is 
145  feet  below  the  Upper  Freeport.  The  Freeport  sandstone  is  massive 
and  the  Upper  Freeport  limestone  is  present  in  most  of  the  sections. 

On  the  Connoquenessing  the  Freeport  coals  are  of  little  value  and  are 
55  to  80  feet  apart.  The  interval  from  the  Lower  bed  to  the  Darlington 
varies  from  43  to  70  feet,  the  smaller  interval  being  on  the  western  border, 
where  the  Darlington  is  barely  125  feet  below  the  Upper  Freeport.  At  a 
few  miles  north  from  this  exposure  a  coal  bed,  known  as  the  Eichenaur 
and  commonly  supposed  to  be  a  local  bed,  is  seen  at  115  feet  below  the 
Upper  Freeport.  It  is  variable,  cannel  on  top,  coal  below,  but  changing 
into  bituminous  shale.  This  is  ver}'  like  the  Upper  Kittanning  (Darling- 
ton), which  in  the  neighboring  township  of  Forward  is  only  120  feet 
below  the  Upper  Freeport.  The  Freeport  and  Butler  sandstones  are 
usually  massive  along  the  Connoquenessing  valley.  A  boring  in  Forward 
township  shows  the  whole  interval  from  the  Homewood  sandstone  up  to 
what  may  be  the  Middle  Kittanning  coal  bed  filled  with  sandstone.  The 
Freeport  limestones  appear  in  most  of  the  sections,  none  of  which  goes 
down  to  the  place  of  the  Vanport.  The  coal  beds  are  poor  and  of  no 
economic  importance,  though  the  Lower  Freeport  and  Upper  Kittanning 
(Darlington)  are  mined  for  local  use.* 

The  northern  border  of  the  Allegheny  formation,  owing  to  shallowing 
of  the  synclinals,  falls  southwardly  toward  the  west,  so  that  in  Mercer 
county,  west  from  Venango  and  Butler  and  extending  to  the  Ohio  line, 
one  finds  rocks  higher  than  the  Vanport  (Ferriferous)  limestone  only  in 
the  southeast  corner  near  the  Butler  line.  Doctor  White's  sections  show 
the  Lower  Kittanning  at  45  feet  above  the  Vanport  limestone  and  at  the 
same  distance  below  a  coal  bed  termed  the  Darlington  locally.  The 
Darlington  of  Mercer  is  not  the  same  with  the  Darlington  of  southern 
Butler;  that  of  Mercer  is  the  Middle  Kittanning;  that  of  southern  Butler 
is  the  Upper  Kittanning.     The  Mercer  County  measurements  are  only 

•I.  C.  White:  Southern  Butler  (Q),  pp.  90,  92,  94.  95,  110.  Ill,  112,  117,  119.  120, 
130,   133,   135-139. 
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5  or  6  miles  west  from  measurements  in  northern  Butler  where  the  Middle 
Kittanning  is  70  to  80  feet  above  the  Vanport  limestone  and  40  feet  below 
the  Freeport  sandstone,  and  about  10  miles  west  from  Murrinsville,  in 
that  county,  where  the  Upper  Kittanning  is  120  feet  above  the  Vanport. 
The  Scrubgrass  and  Brookville  coal  beds  are  here,  the  latter  at  27  to  55 
feet  below  the  Vanport,.  the  inter^'al  decreasing  westwardly.  The  lime- 
stone is  not  persistent,  but  where  present  is  richly  fossiliferous.  At  one 
place  it  is  12  feet  thick.* 

Areas  of  Allegheny  become  more  extensive  in  Lawrence  county,  south 
from  Mercer  and  west  from  Butler.  The  section  lengthens  and  the  TTpper 
Freeport  coal  bed  is  reached  at  many  localities.  The  Darlington  coal  bed 
of  this  county  is  the  Middle  Kittanning. 

On  the  east  side  the  Middle  Kittanning  is  70  to  80  feet  above  the  Van- 
port  (Ferriferous)  limestone,  the  interval  depending  on  that  between  the 
Lower  Kittanning  and  the  Vanport,  which  varies  from  15  to  25  feet,  and 
that  between  the  coals  from  40  to  58  feet,  these  variations  being  similar 
to  those  in  the  adjacent  part  of  Butler  county.  The  Upper  Kittanning 
is  missing  and  the  Middle  is  at  140  feet  below  the  Upper  Freeport,  in  the 
southern  part  of  the  county.  Westwardly,  in  the  northern  and  middle 
parts  of  the  county,  the  Middle  Kittanning  is  quite  regularly  70  to  80 
feet  above  the  Vanport,  but  along  the  southern  border  the  interval  varies 
from  100  to  65  feet,  the  latter  at  the  west  near  the  Ohio  border.  The 
Vanport  limestone  is  not  wholly  persistent,  being  wanting  in  a  consider- 
able area,  but  it  is  found  in  most  of  the  county,  15  to  25  feet  thick, 
always  double,  gray  above,  blue  below,  and  everywhere  richly  fossil- 
iferous in  both  divisions.  The  Scrubgrass  and  Brookville  coals  appear 
in  a  number  of  the  sections,  but  they  as  well  as  the  higher  coals  are  of 
little  importance. 

The  interval  from  Upper  Freeport  to  Lower  Kittanning  is  208  feet  in 
eastern  Butler,  190  to  about  200  in  eastern  Lawrence,  but  decreases  to 
160  feet  near  the  Ohio  state  line.f 

Beaver  county  is  south  from  Lawrence  along  the  Ohio  line.  North 
from  the  Ohio  river  one  occasionally  finds  the  Brookville  and  Clarion 
coals  15  to  50  feet  apart  and  very  thin,  at  times  distributed  through  a 
mass  of  carbonaceous  shale.  The  Vanport  limestone  is  very  thick,  22  feet, 
in  the  northeast,  but  becomes  thinner  southward  and  westward  until,  on 
the  river  near  the  Ohio  line,  it  is  but  one  foot  thick,  and  soon  after  cross- 
ing into  Ohio  it  practically  disappears.     At  Homewood  station,  midway 

•1.  C.  White:  Mercer  (Q  2).  pp.  22,  32,  77,  79.  88,  132. 

tic.  White:  I-awrence  (Q2).  pp.  76.  84,  86.  92.  94,  98-99,  111,  115.  121-122,  131-132, 
134-139,  141,  144,  146-147,  152,  159,  161.  162-166.  169,  171,  179,  187,  196,  199. 
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in  this  portion  of  the  county,  it  is  replaced  by  sandstone  which  is  con- 
tinuous below  with  the  Pottsville.  The  Lower  Kittanning  coal  bed,  at 
50  to  80  feet  above  the  Vanport,  is  persistent  throughout  the  county  and 
rests  on  a  thick  bed  of  clay  which  is  of  great  economic  importance.  The 
Middle  Kittanning  (Darlington)  coal  bed  is  at  50  to  20  feet  above  the 
Lower  Kittanning,  the  least  interval  being  on  the  river  one  mile  from  the 
state  line.  Near  the  river  this  bed  is  unimportant,  but  northward  it 
shows  some  changes  which  make  it  locally  important.    At  one  locality  it 

shows : 

Feet.  Inches 

Cannel  slate  6  0 

Cannel    12  0 

CJoal 3  6 

The  slate  is  rich  in  carbonaceous  matter,  one  ton  yielding  on  distillation 
one  barrel  of  oil ;  but  an  enlargement  of  this  kind  is  very  local,  thinning 
out  in  each  direction  imtil  only  the  coal  is  left,  and  possibly  within  a 
short  distance  the  whole  deposit  was  cut  away  by  the  overlying  sandstone. 
The  interval  to  the  Lower  Freeport  coal  bed  is  occupied  mostly  by  sand- 
stone, the  continuation  downward  of  the  Freeport.  Occasionally  this 
mass  is  interrupted  by  shale,  and  then  a  coal  bed  is  shown  at  15  to  20 
feet  above  the  Middle  Kittanning,  which  may  mark  the  Upper  Kittan- 
ning, which  otherwise  is  without  representative  in  this  region.  The 
Lower  Freeport  coal  bed  is  insignificant;  the  Upper  Freeport  is  usually 
double  or  triple,  with  thin  partings  and  a  thickness  of  about  4  feet ;  but 
at  one  place  it  resembles  the  Middle  Kittanning,  having  a  roof  of  coal 
and  cannel  5  feet  thick.  The  Freeport  and  Kittanning  sandstones  are 
usually  massive.* 

Southward  from  the  line  of  Beaver,  Butler,  Armstrong,  and  Indiana 
counties  the  Allegheny  formation  is  nowhere  completely  above  drainage 
except  along  the  westerly  slope  of  Chestnut  hill,  in  Westmoreland  and 
Fayette  and  perhaps  under  the  Fayette  anticline  on  the  Youghiogheny 
river  in  Fayette;!  elsewhere  to  the  West  Virginia  line  it  is  for  the  most 
part  buried  under  the  Conemaugh,  and  dependence  must  be  placed  upon 
the  records  of  oil  borings. 

In  Westmoreland  and  Fayette  the  Allegheny  coals  have  been  mined  to 
very  slight  extent,  owing  to  proximity  of  the  great  Pittsburg  coal  bed, 
and  exposures  in  the  mountain  gorges  are  usually  too  indefinite  to  make 
accurate  measurements  possible.  The  information  contained  in  Steven- 
son's reports  is  fragmentary  and  of  little  value.     The  Upper  Freeport  coal 

*I.  C.  \Vliite:  Beaver  (Q).  pp.  40,  42,  47.  48,  50,  110,  104,  209.  225,  233-234,  249, 
253,  260,  265;  Ohio  line  (Q  2),  254,  258,  260,  263. 

t  M.  B.  Campbell :  U.  8.  Geoi.  Survey  folio,  Masontown-Uiiiontown,  1903. 
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bed  persists  along  the  whole  line  and  is  opened  at  many  places  for  use  of 
the  farmers.  Usually  it  is  in  numerous  benches,  separated  by  clay  part- 
ings, so  that  although  it  is  very  thick  at  times,  11  to  16  feet,  it  is  appar- 
ently unimportant.  The  Lower  Freeport  was  seen  on  the  Conemaugh  at 
47  feet  below  the  Upper,  and  also  at  several  places  south  from  the  Yough- 
iogheny  river,  but  it  is  worthless.  The  Brookville  or  possibly  Clarion 
was  seen  at  many  places,  at  times  in  several  benches  of  fair  coal  separated 
by  thick  clay  partings  which  vary  at  the  expense  of  the  coal.  Two  other 
beds  were  seen  which  unquestionably  belong  to  the  Kittanning  group,  the 
lower  one  being  above  a  sandstone  which  is  probably  the  Kittanning. 
This  is  a  well  marked  rock  in  the  southern  part  of  this  strip,  and  it  is 
called  Piedmont  in  Stevenson's  reports,  in  accordance  with  Professor 
Lesley's  correlation  in  the  Coke  Report.  The  Freeport  limestones  seem 
to  be  present  near  the  West  Virginia  line.* 

Hetuming  to  the  north  and  following  the  formation  under  cover,  one 
has  oil  records,  many  of  which  are  referred  to  the  Ames  limestone  as  the 
datum.  In  Allegheny  and  Westmoreland  counties  that  limestone  is  from 
280  to  300  feet  below  the  Pittsburg  coal  bed.  In  Allegheny  north  from 
the  Ohio  river  the  occurrence  of  the  coal  beds  soon  becomes  very  irregular, 
as  might  be  expected  from  conditions  in  adjacent  parts  of  Butler  and 
Beaver.  Seven  records  are  available  in  western  Allegheny  near  the 
Beaver  line.  Two  of  these  show  no  coal,  one  has  three  beds,  69  and  34 
feet  apart,  while  in  one  or  the  other  of  the  remaining  wells  one  or  two 
coals  are  reported.  These  are  very  near  the  horizons  of  the  Lower  Free- 
port,  Middle  Kittanning,  and  Lower  Kittanning.  The  Butler  sandstone 
overlies  the  highest  bed.  At  Sewickley,  a  few  miles  below  Pittsburg, 
Doctor  White  measured  the  core  of  a  diamond  drill  and  recognized  the 
Upper  and  Lower  ITreeport,  the  Upper  and  Lower  Kittanning,  all  very 
thin  and  nd  limestones  present,  f 

A  record  in  northwest  Westmoreland  shows  coals  at  44,  127,  and  218 
feet  below  the  Upper  Freeport.  Four  miles  east  from  this  locality  Mr 
W.  G.  Piatt  found  the  Lower  Freeport,  Lower  Kittanning,  and  Brook- 
ville coals  at  30, 110,  and  217  feet  below  the  Upper  Freeport.  The  agree- 
ment is  suflSciently  close  for  correlation  between  the  ordinary  record  and 
a  measured  exposure.  On  the  Pennsylvania  railroad  at  Carpenter  sta- 
tion the  only  coals  are  the  L^pper  Freeport  and  one  at  199  feet  lower, 
which  may  be  the  Clarion.     Farther  south,  at  Sewickley,  the  Lower  Free- 

•J.  J.  Stevenson:  Fayette  and  Westmoreland  (K  K),  pp.  82,  141,  159,  160,  167,  171. 
186,  193,  319,  320. 
t  J.  F.  CarU:   (I  5),  pp.  251-256. 
I.  C.  White:  Bulletin  no.  65,  p.  112. 
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port  and  Middle  Kittanning  are  reported,  70  feet  apart,  with  almost  con- 
tinuous sandstone  below  the  latter  to  the  Pottsville.* 

Records  referred  to  a  definite  datum  in  Fayette  county  are  confined  to 
the  southern  portion  of  the  county.  Mr  Campbell  gives  three  which  may 
be  cited.  In  the  Mach  well  the  Upper  Freeport  horizon  is  marked  by  14 
feet  of  shale  and  coal,  the  Kittanning  sandstone  is  49  feet  thick  and  rests 
on  16  feet  of  "shale  and  coaF'  marking  the  Clarion-Brookville  horizon. 
Near  the  Monongahela  river,  on  Cats  run,  there  is  no  coal  in  the  Alle- 
gheny. At  a  few  miles  south  the  first  coal  bed  is  very  near  the  place  of 
the  Upper  Kittanning,  and  at  65  feet  below  it  is  the  Kittanning  sand- 
stone, 87  feet  thick  and  reaching  down  to  the  representative  of  the 
Clarion-Brookville,  "which  rests  on  the  Pottsville.  f 

On  the  west  side  of  the  Monongahela  river  the  section  may  be  followed 
through  Washington  and  Greene  counties  of  Pennsylvania  and  the  north- 
em  "panhandle"  of  West  Virginia,  lying  between  those  counties  and  the 
Ohio  river. 

At  McDonald  station,  near  the  northern  line  of  Washington,  the  coal 
beds,  all  insignificant,  are  the  Lower  Freeport,  Middle  and  Lower  Kittan- 
ning, and  the  Brookville,the  relations  being  as  at  Sewickley  and  Pittsburg. 
The  thickness  of  the  Allegheny  is  not  determinable,  but  is  between  255 
and  275  feet.  The  only  recognizable  sandstone  is  the  Kittanning. 
At  Washington  the  Upper  Freeport  is  548  feet  below  the  Pittsburg, 
there  being  a  distinct  thinning  in  the  lower  portion  of  the  Conemaugh, 
and  the  Allegheny  is  285  feet  thick.  The  only  coal  bed  reported 
is  at  153  feet  below  the  place  of  the  Upper  Freeport  and  represents  one 
of  the  Kittannings.  The  Butler  and  Freeport  sandstones  are  one,  75  feet. 
This  sandstone  is  present  in  West  Finlay  and  Mount  Pleasant  townships, 
but  the  records  show  no  coal  in  those  or  in  Amwell  township.  Nearer 
the  Monongahela  two  thin  coals  are  reported,  but  their  relations  are  ob- 
scure. It  should  be  remembered  that  thin  black  shale  is  likely  to  be  re- 
ported as  coal  by  the  drillers.  J 

Passing  over  into  Brooke  county  of  West  Virginia,  one  has  at  New 
Cumberland  Doctor  White's  section: 

Feet    Feet 

1.  Ames  llu^estone 

2.  Interval    236 

3.  Mahoning  coal  bed  [Brush  Greek] 4 

4.  Interval  90 

n.  liower  Freeport  coal  bed 2  to      3 

•J.  F.  Carll:    (I  5).  pp.  221,  225;  1886  Kept.,  p.  728. 

W.  G.  riatt:    (H  5),  pp.  6,  27. 
t  M.  R.  Campbell :  Masontown-Uniontown  folio,  pp.  18,  19. 
tj.  F.  Carll:   (1  5).  pp.  302,  306,  307,  318;  1880  Kept,  pp.  758,  766. 

I.  C.  White:  Bullethi  no.  66,  p.  113. 
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Feet.       Feet 

a  Interval  100 

7.  Middle  Klttannlng Blossom 

&  Interval  20  to    30 

9.  Lower  Klttannlng  coal  bed Blossom 

10.  Fireclay 10 

The  interval  from  the  Ames  limestone  to  the  Ijower  Freeport  is  340 
feet,  whereas  at  Smiths  ferry,  10  miles  northeast,  it  is  366  feet ;  but  the 
distance  from  Ames  to  Lower  Kittanning  has  diminished  not  more  than 
3  or  4  feet.  The  Brush  Creek  coal  bed  is  the  Groff  vein  coal  7  of  the 
northern  Ohio  column.  Ten  miles  farther  south,  opposite  Steubenville, 
Ohio,  the  Lower  Freeport  coal  bed  has  been  mined.  No  measurements  are 
available  on  the  West  Virginia  side  of  the  river,  but  on  the  Ohio  side  the 
interval  to  the  Ames  limestone  is  340  feet,  which,  as  appears  from  many 
measurements  by  Newberry,  Orton,  and  Stevenson,  is  210  to  220  feet 
below  the  Pittsburg  coal  bed — a  notable  decrease  in  the  upper  part  of  the 
Conemaugh,  which  must  be  kept  in  mind.  Direct  measurement  at  Steu- 
benville shows  the  interval  to  the  Pittsburg  550  feet.  There  the  Upper 
Freeport  is  present  at  42  feet  above  the  Lower  and  very  thin. 

At  Wellsburg,  in  Hancock  county,  10  miles  farther  south,  this  Ijower 
Freeport  coal  bed  is  320  feet  below  the  Ames  and  540  feet  below  the  Pitts- 
burg, with  a  40-foot  sandstone  at  70  feet  below  it.  From  the  Pittsburg 
to  the  Pottsville  at  Wellsburg  is  only  739  feet,  whereas  at  McDonald,  15 
miles  east-northeast,  it  is  about  880  feet,  there  being  loss  in  both  Cone- 
maugh and  Allegheny,  so  that  the  latter  is  not  far  from  200  feet  thick 
in  this  area.  No  coal,  aside  from  the  Ijower  Freeport,  is  noted  in  the 
Wellsburg  record,  but  Doctor  Newberry  found  thin  lower  coals  on  the 
Ohio  side  where  the  Lower  Freeport  limestone  is  persistent.  Wheeling, 
in  Ohio  county,  is  about  10  miles  south  from  Wellsburg  and  about  20 
miles  west  from  Washington,  in  Pennsylvania.  Three  miles  east  from 
that  city  a  record  shows  4  feet  of  coal  at  530  feet  below  the  Pittsburg  and 
resting  on  sandstone,  thus: 

Feet 

Gray  sandstone  .....' 45 

Coarse  gray  sandstone 83 

Fine  white  sandstone 408 

Gray  and  white  sandstone 170 

this  sandstone  being  continuous  to  the  bottom  of  the  Logan.  The  mass 
number  3  is  apparently  homogeneous  and  the  change  to  number  2  is  so 
marked  that  the  upper  128  feet  may  be  allotted  to  the  Allegheny.  The 
coal  bed  at  530  is  very  probably  at  the  Upper  Freeport  horizon,  for  the 
Lower  Freeport  in  the  Wheeling  well  is  at  556  feet.  This  interval  of  26 
feet  is  that  between  the  Freeports  at  a  little  way  north,  where  Professor 
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Orton  found  it  varying  from  26  to  42  feet  within  a  short  distance.  The 
Wheeling  record  shows  two  coals,  one  at  556  and  the  other  at  96  feet 
lower,  resting  on  541  feet  of  sandstone.  The  lower  bed  is  clearly  the 
Lower  Kittanning,  the  "Clay  vein"  of  the  Ohio  side,  which  at  exposures 
up  the  river  is  from  100  to  115  feet  below  the  Lower  Freeport.  This 
lower  bed,  the  Lower  Kittanning,  appears  in  another  well  on  Wheeling 
creek  at  646  feet  below  the  Pittsburg. 

Southward,  in  Marshall  county,  west  from  Greene  county  of  Pennsyl- 
vania, the  record  of  a  well  at  about  7  miles  south  from  Wheeling  shows 
the  "Big  lime"  of  the  Lower  Carboniferous  only  983  feet  below  the  Pitts- 
burg. The  top  of  the  Pottsville  seems  to  be  at  780,  but  it  is  probably 
higher,  the  upper  portion  being  shale.  The  Allegheny  shows  neither  coal 
nor  sandstone.  Near  Moundsville,  10  miles  south  from  Wheeling,  one 
finds  a  condition  which  will  be  observed  many  times  farther  south  in 
Wetzel  county  of  West  Virginia,  where  in  a  considerable  area  only  sand- 
stone is  found  in  the  Allegheny.  In  one  well  near  Moundsville  sandstone 
begins  at  615  feet  below  the  Pittsburg  and  is  continuous  for  255  feet,  and 
the  "Big  lime"  is  reached  at  937.  At  5  miles  east  from  Moundsville  the 
sandstone  begins  at  448  and  is  continuous  to  748  feet  below  the  Pitts- 
burg, the  "Big  lime"  being  958  feet.  At  Majorsville,  in  the  northern 
part  of  the  county,  on  the  Pennsylvania  line,  12  miles  southeast  from 
Wheeling,  the  interval  to  the  "Big  lime"  has  increased  to  about  1,100  feet, 
the  Lower  Freeport  coal  bed  is  at  593  feet,  and  the  Allegheny  consists  of 
alternating  shales  and  sandstones.  Five  miles  farther  south,  near  Ijou- 
densville,  the  only  coal  bed  is  at  615,  and  at  40  feet  lower  is  a  sandstone 
70  feet  thick.  The  relations  of  this  bed  are  doubtful.  It  is  too  high  for 
the  Lower  Kittanning  and  too  low  for  the  Lower  Freeport.  In  the  south- 
em  part  of  the  county,  on  this  side,  the  records  give  few  details,  only  the 
sandstones  being  recorded ;  but  in  many  wells  sandstone  predominates  in 
the  Allegheny.  In  one  it  begins  at  640  and  is  continuous  to  960 ;  in  an- 
other from  566  to  881,  and  in  a  third  from  450  to  845  feet  below  the 
Pittsburg;  but  in  other  wells  shales  predominate  to  690,  735,  and  743 
below  that  coal.  These  records  are  all  from  a  single  district  extending 
five  miles  north  from  the  line  of  Wetzel  county.* 

Keturning  to  Pennsylvania,  one  finds  a  record  at  Nineveh,  in  Greene 
county,  almost  at  the  Washington  line  and  about  12  miles  east  from 
Majorsville.  Here  the  Allegheny  shows  neither  coal  nor  black  slate  and 
no  important  sandstone  except  the  Butler-Freeport,  70  feet  thick.     In 

•  I.  C.  White :  Geology  of  Went  Virginia,  vol.  1,  pp.  350.  352,  363,  365-306 ;  vol.  la. 
pp.  218-219,  220,  223-224.  228,  231  ;  vol.  II.  pp.  460,  464-465. 
J.  S.  Newberry:  Ohio  Survey,  vol.  Hi,  pp.  741,  760. 
E.   Orton:  Vol.   vi,   p.   61. 
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central  and  eastern  Greene  sandstones  are  as  marked  as  those  in  the 
West  Virginia  "panhandle."  Two  miles  east  from  Waynesbnrg,  in  the 
central  part  of  the  county,  12  feet  of  sandstone  is  reported  at  620  feet 
below  the  Pittsburg,  resting  on  370  feet  of  black  slate  extending  into  the 
PottsTille;  at  5  miles  east,  the  bottom  of  the  Mahoning  interval  is 

reached  at  675,  and  at  607  this  succession  begins  : 

Feet 

Dark  sand 58 

White  Band .' 390 

Dark  sand 80 

in  all,  528  feet  of  sandstone.  Xo  coal  is  reported.  At  4  miles  southeast 
from  the  last  the  sandstone  begins  only  at  691  and  there  is  no  coal  above 
it.  Twelve  miles  southeast  from  Waynesburg,  at  Willow  Tree,  the  only 
coal  bed  present  is  about  830  feet  below  the  Pittsburg,  evidently  at  the 
Brookville-Clarion  horizon.  Several  miles  southwest  from  Waynesburg 
the  Upper  Freeport  is  at  555  feet  below  the  Pittsburg,  and  in  the  suc- 
ceeding 325  feet  there  are  250  feet  of  sandstone,  and  much  of  the  shale  is 
sandy.     No  other  coal  is  reported. 

Doctor  White  gives  many  records  in  western  Greene  county,  but  they 
are  not  in  detail ;  they  suffice,  however,  to  show  that  the  Allegheny  con- 
tains no  great  sandstones  in  that  area.* 

OHIO 

Doctor  White's  series  of  vertical  sections  connect  Pennsylvania  with 
Ohio.  The  relations  of  the  beds  within  the  latter  state  were  worked  out 
by  Professor  Orton,  whose  discussion  of  the  Ohio  Lower  Coal  Measures 
must  always  remain  preeminent  not  only  for  scientific  accuracy,  but  also 
for  the  delicacy  with  which  are  corrected  the  errors  into  which  the  inex- 
perienced observers  of  the  Second  survey  fell. 

Mahoning  county  adjoins  Ijawrence  of  Pennsylvania.  Doctor  White's 
section  at  Lowellville,  one  mile  west  from  the  state  line,  is : 

Feet.      Feet.  Inches 

1.  Kittanning  [Lower]  coal  bed 2  4 

2.  Concealed   40  0 

3.  Ferriferous  [Vanport]  limestone  ....  10     to    18  0 

4.  Argillaceous  shale 2  6 

5.  Scrubgrass  coal  bed  0  6 

a  Sandy  sbales 12  6 

7.  Clarion  coal  bed 1  4 

8.  Flaggy  sandstone 17  0 

9.  BPDokville  coal  bed 0  10 

10.  Homewood  sandstone  

•J.  F.  Carll:  Seventh  Kept,  on  Oil  and  Gas  (I  5),  pp.  310,  813,  341-347. 
I.  C.  White :  Geology  of  West  Virginia,  vol.  \a,  pp.  123,  131. 
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The  Hoihewood  sandstone  has  become  very  thin,  so  that  the  Vanport 
limestone  is  but  80  to  110  feet  above  the  Upper  Mercer  limestone,  the 
variation  being  chiefly  below  the  Brookville  coal.  The  Vanport,  so  im- 
portant in  western  Pennsylvania,  quickly  becomes  uncertain  in  Ohio, 
though  its  horizon  is  recognizable  at  many  places  by  means  of  calcareous 
sandstone  or  shale  or  even  impure  limestone ;  but  \is  office  as  stratigraph- 
ical  guide  is  performed  by  a  new  limestone,  the  Putnam  Hill  of  Andrews, 
Gray  of  Newberry,  which  makes  its  appearance  at  Youngstown,  9  miles 
west  from  the  state  line,  where  it  is  2  feet  7  inches  thick.  This,  imme- 
diately overlying  the  Brookville  coal  bed,  is  from  15  to  50,  but  ordinarily 
about  30  feet  below  the  place  of  the  Vanport.  In  southern  Mahoning 
Professor  Orton  found  the  Lower  Kittanning  at  48  feet  above  the  Vanport 
limestone,  which  is  represented  by  "chip  slate,  calcareous  nodules,  and 
cone-in-cone,"  the  last  being  a  characteristic  feature  of  the  bed  wherever 
degenerate  in  western  Pennsylvania.  Here  it  overlies  the  Scrubgrass 
(locally  Canfield)  coal  bed,  which  is  double  throughout  this  area,  the 
upper  division  often  cannel.  It  is  about  150  feet  below  the  Upper  Free- 
port,  or  White  limestone  of  Newberry.* 

Columbiana  county  is  south  from  Mahoning.  A  boring  at  Ijeetonia, 
2  or  3  miles  south  from  the  Mahoning  line,  shows  the  Lower  Kittanning 
(locally  Ijeetonia)  coal  bed  at  47  feet  above  the  Scrubgrass  (Upper 
Clarion).  The  Clarion  coal  bed  is  at  28  feet  lower  and  11  feet  6  inches 
above  the  Putnam  Hill  limestone.  The  l^ower  Freeport  coal  bed,  with  its 
underlying  limestone,  is  in  the  Leetonia  hills  at  75  feet  above  the  Lower 
Kittanning,  and  the  Freeport  sandstone  occupies  most  of  the  interval. 
The  section  is  very  like  that  at  Lowell vi  lie,  except  that  the  Vanport  lime- 
stone has  disappeared.  At  New  Lisbon,  6  or  8  miles  farther  south,  the 
top  of  the  Allegheny  is  reached  and  the  Vanport  limestone  reappears;  the 
intervals  are: 

Feet        Inches 

Upper  Free|K)rt  3  4 

Interval   22  0 

liOwer  Freeport  1  0 

Interval   87  0 

Middle  Kittanning 0  8 

Interval   12  0 

Lower  Kittanning 1  4 

Interval 40  0 

Vaniiort  limestone 3  0 

Scrubgrass  and  parting 9  0 

•J.  S.  Newberry:  Ohio  Surrey,  vol.  iii,  p.  803. 
I.  C.  White:  PennsylTania  report  (Q  Q).  pp.  210,  222. 
B.  Orton :  Ohio  Survey,  vol.  v,  pp.  20,  31,  33. 
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The  Freeport  limestones  are  present,  as  are  also  the  Butler  and  Freeport 
sandstones.  The  interval  from  the  Lower  Kittanning  to  the  Scrubgrass 
is  almost  the  same  as  at  Leetonia,  while  that  from  the  Upper  Freeport  to 
the  Lower  Kittanning  is  162  feet,  practically  the  same  as  in  southern 
Mahoning,  where  it  is  150  feet  from  the  L'^pper  Freeport  limestone.  The 
Lower  Freeport  becomes  locally  important  as  the  Whan  coal  bed  within 
a  small  area  in  central  Columbiana,  but  for  the  most  part  it  is  worthless. 

The  Upper  Freeport  coal  bed  is  wanting  in  most  of  Doctor  White's 
sections  in  eastern  Columbiana,  but  its  limestone  is  present  at  40  to  45 
feet  above  the  Lower  Freeport.  The  Middle  Kittanning  (Darlington)  is 
present  to  nearly  midway  in  the  county,  but  the  Vanport  limestone  is  of 
uncertain  occurrence,  at  times  represented  only  by  fossiliferous  shale.  In 
the  southern  part  of  the  county,  Doctor  Xewberry  reports  the  Lower 
Kittanning  as  115  to  125  feet  below  the  Lower  Freeport,  and  at  Liverpool 
176  feet  below  the  Upper  Freeport.* 

Farther  south,  on  the  north  border  of  Jeflferson  county,  the  section  to 
the  Lower  Kittanning  is  shown  at  several  places.  Professor  Orton  gives 
two  measurements  on  Yellow  creek,  three  miles  apart : 

Feet       Inches.  Feet.  Inches 

Brush  Creek  coal  bed 4            6  4  0 

Interval  with  Mahoning  limestone  60           0  67  0 

I'pper  Freeport,  "Big  vein'* Blossom  4  0 

Interval  with  Upper  Freeport  lime- 
stone    72      .     0  61  0 

Lower  Freeport,  "Roger  vein" Blossom  3  0 

Interval  with  Lower  Freeport  lime- 
stone   65            0  65  0 

Middle  Kittanning,  "Darlington"..  Blossom  2  4 

Interval  with  thin  coal 23            6  22  0 

Ix>wer   Kittanning,    "Creek   clay," 

or  "Potters'  vein" Blossom  2  0 

The  Ames  limestone  is  220  feet  above  the  Upper  Freeport  near  the  secoud 
measurement.  Professor  Orton  says  that  the  Pittsburg  is  about  530  feet 
above  the  Lower  Freeport  and  the  Ames  is  260  above  the  Upper  Freeport 
near  the  first  measurement,  a  loss  of  almost  50  feet  in  14  miles  from 
Smiths  ferry.  Southward  from  Yellow  creek  the  Upper  Freeport  be- 
comes uncertain  and  the  Lower  Freeport,  hitherto  irregular,  becomes  very 
important.  The  Lower  Kittanning,  exposed  along  the  river  for  more 
than  10  miles  below  Yellow  creek,  is  accompanied  by  its  important  clay 
hed.    The  interval  between  the  Lower  Freeport  and  Lower  Kittanning  is 

•I.  C.  White:   (Q  Q).  pp.  266.  272,  274. 
J.  8.  Newberry:  Vol.   Ill,   pp.   108,   113-115. 
B.  Orton :  Vol.   t.   pp.  37-38. 
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given  to  abrupt  variations;  within  a  distance  of  8  miles  below  Yellow 
creek  it  is  89,  120,  and  86  feet.  The  Vanport  limestone  seems  to  be 
represented  at  Elliottsville  by  3  feet  6  inches  of  fossiliferous  shale  at  26 
feet  below  the  Lower  Kittanning,  and  the  Putnam  hill  limestone  by  5  feet 
of  fossiliferous  limestone  and  slate  at  28  feet  lower.  Underneath  the 
last  is  the  Brookville  coal  bed,  6  inches,  resting  on  10  feet  of  black  slate. 
The  Scrubgrass  seems  to  be  represented  by  black  shale  under  the  Vanport. 
The  Upper  Freeport  limestone  is  persistent  in  most  of  the  sections  where 
its  horizon  is  reached,  but  the  place  of  the  coal  is  occupied  in  some  sec- 
tions by  a  bufif  limestone  overlying  the  non-plastic  clay  marking  the 
horizon.  At  Steubenville  the  Lower  Freeport  or  "Shaft  coal"  is  547  to 
551  feet  below  the  Pittsburg,  327  to  331  feet  below  the  Ames  limestone. 
The  Ijower  Kittanning  has  been  found  at  80  to  98  feet  lower  in  borings 
and  the  Brookville  is  reached  in  one  boring  at  40  feet  below  the  Lower 
Kittanning.  At  La  Grange,  opposite  Wellsburg,  in  West  Virginia,  the 
Pittsburg  is  540  feet  above  the  Lower  Freeport,  which  is  5  feet  3  inches 
thick,  and  at  22  feet  above  it  is  a  double  bed,  representing  the  Upper 
Freeport.  The  lower  bed  retains  its  thickness  farther  down  the  river, 
where  it  is  7  to  8  feet  thick,  and  good.* 

Returning  to  the  northern  outcrop,  one  finds  the  Putnam  Hill  lime- 
stone extending  into  Portage  county,  west  from  Mahoning,  where  it  over- 
lies the  Brookville  coal  at  many  places,  f 

Stark  county,  south  from  Portage,  is  west  from  Mahoning  and  Carroll. 

Newberrj'^'s  generalized  section  for  the  county  is : 

FMt       Feet 

1.  Shale  and  sandstone 30  to      50 

2.  Buff  limestone  and  ore 0  to        6 

3.  Black  band  ore 0  to      10 

4.  Coal  7  [Upper  Freeport]  1  to        3 

5.  Fireclay 1 

6.  Shale  and  sandstone,  with  thin  coal  near 

middle   75  to  110 

7.  Coal  6  [Middle  Kittanning] 2  to  6 

8.  Fireclay  and  shale 42  to  65 

9.  Coal  5  [Lower  Kittanning]  2  to  3 

10.  Fireclay,  shale,  sandstone 42  to  65 

11.  Putnam  Hill  limestone 0  to  4 

12.  Coal  4  [Brookville]   3  to  6 

13.  Fireclay 1  to  3 

the  last  being  20  to  50  feet  above  the  Lower  Mercer,  or  Zoar,  limestone. 

•J.  8.  Newberry:  Vol.  Ill,  pp.  108.  767,  758.  760. 

E.  Orton:  Vol.  ▼.  pp.  50-51,  53,  55-57,  59,  61. 
t  J.  S.  Newberry :  Vol.  ill,  pp.  137.  142.  -*. 
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The  Putnam  Hill  and  Brookville  coal  are  termed  the  "Upper  limestone 
and  coal."  The  coal  has  been  mined  at  many  places;  it  is  Xyest  in  the 
northern  part,  but  deteriorates  in  quality  toward  the  center  of  the  county, 
sulphur  and  ash  increasing ;  toward  the  south  it  becomes  variable  in  thick- 
ness as  well  as  quality,  1  to  7  feet ;  sometimes  cannel,  at  others  slaty ;  at 
times  caking,  at  others  open-burning  coal.  Professor  Orton  recognizee 
the  Vanport  in  eastern  Stark  where  a  calcareous  sandstone  is  at  30  foet 
above  the  Putnam  Hill.  There  the  Ijower  and  Middle  Kittanning  are 
only  15  to  18  feet  apart.  A  thin  coal,  marking  the  Clarion  horizon,  is 
seen  occasionally  above  between  the  Putnam  Hill  and  Lower  Kittanning. 
The  Lower  Kittanning,  usually  thin  but  attaining  4  feet  in  the  eastern 
part  of  the  county,  is  accompanied  by  its  clay  and  is  as  truly  the  "clay 
vein"  here  as  on  the  Ohio  river.  The  roof  is  black  shale  with  iron  ore. 
The  Middle  Kittanning,  usually  about  50  feet  above  the  Tx)wer,  is  4  to  6 
feet  thick  in  the  southern  part  of  the  county,  but  is  thinner  toward  the 
north,  where  it  becomes  unimportant.  The  Upper  Kittanning  is  evi- 
dently absent  and  the  Ijower  Freeport  is  a  mere  blossom.  The  Upper 
Preeport  is  unimportant,  but  it  is  accompanied  by  the  overlying  ore  which 
marks  the  horizon  in  several  counties  south  and  east  from  Stark.  Pro- 
fessor Orton  discovered  the  Freeport  limestones  in  eastern  Stark,  but 
elsewhere  they  were  not  found.  The  sandstones  are  very  irregular; 
occasionally  they  appear  in  the  Freeport  and  Kittanning  inter\'als,  but 
the  change  into  shale  is  abrupt.* 

Carroll  is  between  Stark  and  Tuscarawas  at  the  west  aiid  Columbiana 
and  Jefferson  at  the  east.  The  Freeport  coals^  both  thin,  have  been 
opened  in  the  northwest  townships,  and  the  upper  bed  is  accompanied  by 
its  underlying  limestone  and  overl>ing  ore.  Eastward  the  Upper  Free- 
port  becomes  important ;  it  can  be  followed  from  Yellow  creek,  in  Colum- 
biana county,  somewhat  decreased  in  thickness,  but  in  the  southern  part 
of  the  county  it  is  often  4  feet. 6  inches  and  yields  good  coal.  The  chief 
drawback  is  the  frequency  with  which  it  is  cut  out  by  the  overlying 
sandstone,  and  these  "wants"  are  so  comm|p  in  some  areas  that  mining 
operations  have  been  al)andoned.  The  Lower  Freeport  is  persistent,  but 
usually  too  thin  to  be  utilized.  It  is  rarely  more  than  30  feet  below  the 
Upper.  The  Upper  Freeport  limestone  is  present  at  almost  all  localities 
where  its  place  is  exposed,  f 

Harrison  county  is  south  from  Carroll  and  east  from  Tuscarawas.  The 
section  reaches  to  the  Lower  Freeport,  but  that  and  the  Upper  Freeport 

•  J.  8.  Newberry :  Vol.  Ill,  pp.  156,  168-169,  170,  171-176. 

R   Orton:  Vol.  ▼,  pp.  66,  70-72. 
t  E.  Orton :  Vol.  ▼.  pp.  72-73,  77-78,  240-247,  254-255. 

Zl — Bull.  Obol.  Soc.  Aif.«  Vol.  17.  1905 
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are  exposed  only  in  the  northwest  corner  of  the  county ;  elsewhere  they 
are  buried  under  the  Conemaugh  and  Monongahela.  Professor  Bow- 
nocker  gives  the  record  of  a  well  in  the  eastern  portion  in  which  a  coal 
bed  is  reported  at  592  feet  below  the  Pittsburg.  It  is  not  altogether  easy 
to  determine  the  place  of  this  bed,  but  it  is  very  near  the  place  of  the 
Brookville.  That  coal  bed  at  Steubenville  is  673  feet  below  the  Pitts- 
burg, but  in  this  portion  of  Harrison  the  interval  from  Pittsburg  to 
Ames  limestone  is  85  feet  less  than  near  Steubenville,  so  that  the  interval 
to  this  bed  is  within  4  or  5  feet  of  what  should  be  expected.* 

Tuscarawas  county,  south  from  Stark,  is  west  from  Carroll  and  Harri- 
son. The  section  in  the  northern  portion  differs  extremely  from  that 
in  the  southern,  but  they  are  connected  by  intermediate  sections  showing 
the  gradual  change.  Full  sections  have  been  measured  by  both  Professor 
Newberry  and  Professor  Orton  in  the  critical  localities  and  their  records 
are  in  practical  agreement,  the  diflFerences  being  due  apparently  to  varia- 
tion in  barometric  readings.  The  sections  by  Xewberry  are  as  follows, 
one  at  the  north  and  the  other  at  the  south : 

Feet  Inches.  Feet    Inches 

1.  Sandstone  [Mahoning] 60  0  30  0 

2.  Shale 12  0  10  0 

3.  Mountain  ore  0  to    5  0  0  0 

4.  Black  band 3  to    8  0  0  0 

5.  CJoal  7  [Upper  Freeport]  3  0  4  0 

6.  Interval    70  0  35  0 

7.  Coal  6a  [Lower  Freeport] Thin  ..  2  0 

8.  Conglomerate,  sandstone,  shale  [Freeport]            50  0  52  0 

9.  Coal  6  [Middle  Kittanning] 4  0  4  0 

10.  Shale  and  fireclay 33  0^ 

11.  Impure  cannel 1  0  C  29  0 

12.  Fireclay  and  dark  shale 26  0  J 

13.  Coal  5  [Ix)wer  Kittanning] 2  0  2  6 

14.  Fireclay   4  0  10  0 

15.  Shale  and  sandstone 50  0  79  0 

16.  Putnam  Hill  limestone 3  0  1  0 

17.  Coal  4  [Brookville]    ^. 2  0  5  0 

with  to  the  Zoar  limestone  an  interval  of  53  and  46  feet  respectively. 
The  Brookville,  as  a  rule,  is  slaty  and  sulphurous,  with  a  tendency  to  be- 
come cannel ;  ordinarily  thin,  it  becomes  5  to  6  feet  thick  in  the  southern 
part  of  the  county,  but  with  no  improvement  in  quality.  The  Putnam 
Hill  limestone  carries  ore,  is  flinty,  and  rich  in  fossils.  The  Lower  Kit- 
tanning, important  in  the  eastern  part,  is  uncertain,  often  wanting  in 
the  western  part,  as  in  Carroll  county,  and  the  coal  exhibits  notable 

•J.  J.  Stevenson:  Vol.   ill,  p.  203. 
J.  A.  Bownocker:  Bulletin  no.   1,  p.  231. 
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variations  in  ash  and  sulphur.  The  underlying  clay  retains  its  impor- 
tance, is  often  non-plastic,  and  is  utilized  in  manufacture  of  firebrick. 
The  interval  to  the  Middle  Kittanning  varies  from  50  feet  in  the  north- 
ern portion  to  20  and  30  feet  in  the  southern  part  of  the  county.  Near 
Zoar,  on  the  northern  border,  a  cannel  1  foot  to  18  inches  is  at  16  to  26 
feet  above  the  Lower  Kittanning,  but  it  is  wanting  southward.  The 
Middle  Kittanning,  as  in  Stark,  is  important  and  is  the  Coal  6  of  central 
and  southern  Ohio.  It  is  from  3  feet  6  inches  to  almost  6  feet  thick, 
and,  while  varying  somewhat  in  quality,  it  is  usually  good,  always 
caking,  though  generally  containing  too  much  ash  for  a  good  merchant- 
able coke  w^ithout  washing.  As  a  rule,  it  is  double,  with  a  copperas  band 
at  about  a  foot  from  the  top.  The  roof  is  a  black  shale,  often  carrying 
•'large  calcareous  nodules  or  concretions,  filled  with  beautifully  preserved 
Coal  Measure  fossils"  and  at  times  becoming  bony  cannel  in  the  lower 
portion.  The  bed  identified  with  the  Lower  Freeport  is  indefinite  and 
the  accuracy  of  the  correlation  is  open  to  question,*  at  least  for  the  north- 
ern part  of  the  county.  The  Upper  Freeport  is  persistent,  rarely  yields 
good  coal,  and  is  double,  the  parting  varying  from  8  inches  to  15  feet. 
This  characterizes  the  bed  in  Guernsey  county. 

The  Vanport  limestone  reappears  in  many  sections  and  is  fossiliferous; 
it  is  seen  occasionally  midway  in  the  county,  but  more  commonly  in  the 
western  poi-tion,  where  the  Lower  Kittanning  coal  bed  is  wanting.* 

Guernsey  county,  south  from  Tuscarawas,  shows  the  whole  Allegheny 
section  in  the  western  portion.  The  Upper  Freeport  coal  bed  is  200  to 
255  feet  below  the  Ames  limestone.  The  Cambridge  limestone  of  the 
Conemaugh  becomes  characteristic  here  and  is  an  important  stratigraph- 
ical  guide  southward.     Professor  Orton's  section  in  northwestern  Guern- 

^^  *®-  Pect  IncheB 

1.  Cambridge  limestone 2  0 

2.  Interval Ill  0 

3.  Upper  Freeport  coal  bed  [Cambridge] Thin 

4.  Clay,  Upper  Freeport  limestone 10  0 

5.  Interval  50  0 

6.  Lower  Freeport  coal  bed Thin 

7.  Interval 100'  0 

8.  Middle  Kittanning 3  0 

9.  Fireclay  and  shale 30  0 

10.  Lower  Kittanning 2  6 

n.  Fireclay 20  0 

12.  Interval 16  0 

13.  Pntnam  Hill  limestone 4  0 

14.  Brookville  coal  bed Thin 

•  J.  8.  Mcwberry :  Vol.  ill.  pp.  61-62,  64-66.  67-70. 
S-  Orton:  Vol.  t,  pp.  92-93,  268,  274,   279.   282. 
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The  Upper  Freeport  coal  bed  is  from  a  few  inches  to  5  feet  or  more  in 
thickness,  the  variations  being  so  great  that  the  bed  is  only  locally  im- 
portant. The  Lower  Freeport  is  unimportant.  A  thin  coal  was  seen  at 
a  little  way  northeast  from  the  village  of  Cambridge,  which  Professor 
Orton  is  inclined  to  refer  to  the  Upper  Kittanning.  The  Middle  Kit- 
tanning  shows  its  characteristic  roof,  in  which  the  nodules  often  contain 
a  nucleus  of  sphalerite.  The  coal  is  good  enough  for  local  use  and  the 
bed  is  3  to  4  feet  thick.  The  Lower  Kittanning  is  accompanied  by  its 
fireclay.  The  Brookville  varies  from  18  inches  to  5  feet  and  yields  poor 
coal.  The  interval  to  tTie  Middle  Kittanning  in  one  township  is  only 
26  feet,  the  Putnam  Hill  limestone  being  present.* 

In  Belmont  county,  east  from  Guernsey  to  the  Ohio  river,  the  Alle- 
gheny is  deeply  buried.  No  information  is  available  for  this  county 
aside  from  the  record  of  a  well  in  Washington  township  3  or  4  miles 
from  the  river,  which  shows  only  shales  for  750  feet  below  the  Pittsburg 
coal  bed  to  a  great  sandstone  which  belongs  to  the  Pottsyille.f 

Returning  to  the  west:  In  Wayne  county,  west  from  Stark,  Mr  Read 
identifies  with  Coal  6,  the  Middle  Kittanning,  a  bed  only  25  to  30  feet 
above  the  Gray  or  Putnam  Hill  limestone.  It  is  2  to  4  feet  thick,  with 
black  lustrous  caking  but  sulphurous  coal.  It  has  the  characteristic 
roof,  black  fossiliferous  shale.  The  Brookville  coal  bed  underlies  the 
limestone  and  is  2  to  4  feet  thick,  sometimes  cannel  and  generally  slaty 
and  sulphurous.  The  Freeport  sandstone  was  seen  at  one  locality  25  feet 
thick  and,  as  in  parts  of  Stark,  Tuscarawas,  Carroll,  and  Harrison,  very 
coarse  or  finely  conglomerate.  J 

Holmes  county  is  south  from  Wayne  and  west  from  Tuscarawas. 
Professor  Wright's  generalized  section  for  the  county  is : 

Feet 

1.  Upper  Freeport  coal  bed  (7) 

2.  Shaly  sandstone 30 

3.  Ix)wer  Freeport  coal  bed  (Oa) 

4.  Freeport  sandstone  45 

5.  Middle  Kittanning  eoa)  bed  <0) 

6.  Shale  and  iron  ore 25 

7.  Ix>wer  Kittanning  coal  bed  (5) 

8.  Sandy  shales 20 

9.  Ferriferous  limestone  [ Vanport] 

10.  Clarion  coal  bed   

11.  Sandstone  and  shale 25 

•  B.   B.   Andrews :  Vol.   11,   p.   638. 

J.  J.   StevensoD:  Vol.   ill,   pp.   223-224,  231. 

B.  Orton:  Vol.  ▼,  pp.  82.  89.  283-286,  289. 
t  J.  A.  Bownocker:  Bulletin  no.  1,  p.  220. 
%  M.  C.  Read :  Vol.  Ill,  pp.  531,  535. 
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Feet 

12.  Putnam  Hill  llmestoue 

13.  Brookville  coal  bed 

14.  Tioneata  aandatone  [Homewood]  20 

The  Brookville  coal  and  its  overlying  limestone  are  present  in  perhaps 
every  township;  the  coal,  according  to  Professor  Wright,  is  from  1  to 
2  feet  thick  and  always  poor;  Mr  Read  found  it  3  feet  6  inches  at  one 
locality.  The  Vanport  is  present  as  a  gray  limestone  at  several  localities, 
but  in  some  townships  it  is  represented  only  by  tough  more  or  less  flaggy 
sandstone.  A  Clarion  coal  bed  underlies  this  limestone  at  many  places, 
usually  very  thin  and  never  exceeding  2  feet.  Prom  the  observations  of 
both  Head  and  Wright,  it  is  clear  that  the  liower  Kittanning  is  present 
only  in  the.  southeasterly  part  of  the  county,  and  that  westward  and 
northward  the  interval  between  it  and  the  Middle  Kittanning  disap- 
pears, permitting,  as  suggested  by  Professor  Wright,  the  two  beds  to 
come  together.  In  the  southeast  the  Middle  Kittanning  is  64  feet  above 
the  Clarion  coal  and  83  feet  above  the  Putnam  Hill  limestone,  but  on 
the  western  border  the  int^n'al  to  the  limestone  is  but  about  35  feet  at 
the  most  and  to  the  Clarion  only  22  feet.  The  interval  in  Wayne  county 
between  Middle  Kittanning  and  Putnam  hill  increased  southwardly  from 
25  to  35  feet  and  the  increase  is  continuous  and  gradual  to  southeast 
Holmes.  The  Middle  Kittanning  is  the  important  bed  and  shows  the 
same  features  as  in  Tuscarawas — double,  with  sulphur  near  the  top,  the 
eoal  coking,  ash  purple,  and  the  roof  bone  or  cannel  underlying  the  richly 
fossiliferous  black  shale.  The  Freeport  sandstone  is  massive ;  the  Lower 
Freeport  is  but  a  blossom.  Mr  Bead  states  that  the  upper  Freeport, 
4  to  6  feet  thick,  is  present  on  the  western  border  at  only  40  feet  above 
the  Middle  Kittanning  and  accompanied  by  a  bufif  limestone.  In  the 
southern  part  of  the  coimty  the  interval  is  73  to  76  feet.  Mr  Read  re- 
ports a  black  limestone  in  the  eastern  part  of  the  county  at  12  to  15  feet 
above  the  Brookville.* 

Coshocton  county  is  south  from  Holmes  and  west  from  Tuscarawas 
and  Guernsey. 

The  Brookville  coal  bed  and  Putnam  Hill  limestone  persist  throughout 
the  county ;  the  fonner  is  from  a  few  inches  to  several  feet  thick,  but  it 
seldom  yields  good  coal,  being  so  broken  by  partings  as  to  be  dirty,  but 
sometimes  changing  into  cannel  or  cannel  slate.  At  varying  distances, 
10  to  30  feet,  above  the  Putnam  Hill  is  the  "Black  marble"  overlying  a 
coal  bed.     Professor  Hodge  observed  this  limestone  in  five  townships  and 

*M.   C.  Read:  Vol.   lU,   pp.   5G4-656,   507-558. 
A.  A.  Wright :  Vol.  ▼,  pp.  818-819.  828.  830-831,  836,  839,  840-842. 
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in  one  the  coal  bed  is  30  feet  above  the  lower  limestone.  The  place  of 
this  limestone,  evidently  the  same  with  Read's  black  limestone  of 
Holmes,  is  very  uncertain,  for  it  sometimes  approaches  very  closely  to 
the  Middle  Kittanning.  It  is  not  far  from  the  place  of  the  Lower  Kit- 
tanning,  which  at  one  time  was  mined  near  Coshocton,  where  it  is  30 
feet  below  the  Middle  Kittanning  and  44  feet  above  the  Putnam  Hill, 
and  there  the  Marble  is  represented  by  a  calcareous  sandstone.  The 
great  variability  of  intervals  in  Coshocton  county  adds  to  the  diflBculty 
of  correlating  this  limestone.  As  it  overlies  the  coal,  one  may  be  justi- 
fied in  regarding  it  as  representing  the  Vanport  and  the  underlying  coal 
as  a  Clarion  bed;  so  that  where  it  approaches  closely  to  the  Middle  Kit- 
tanning the  interval  to  and  including  the  Lower  Kittanning  has  disap- 
peared as  it  does  in  Holmes  county. 

The  Middle  Kittanning,  according  to  Professor  Orton,  Jr.,  is  from  32 
to  79  feet  above  the  Putnam  Hill  limestone;  there  is  no  place  for  error 
in  the  small  interval,  for  the  section  is  distinct  down  to  the  Lower  Mercer 
coal  bed.  The  greatest  interval  was  found  near  the  Holmes  line  and  the 
least  at  8  or  10  miles  south.  Professor  Hodge's  sections  show  even 
greater  variation  in  this  interval.  In  the  northeast  comer  it  is  90  to  100 
feet ;  6  miles  west  it  is  100 ;  barely  6  miles  farther  west  it  is  40  to  50  feet ; 
in  the  south  central  part  of  the  county  it  is  46  to  65,  but  in  the  southern 
tier  of  townships  along  the  Muskingum  border  it  is  80  to  90  feet.  There 
is  no  possibility  of  error  in  the  identification,  as  the  "Black  marble," 
Putnam  Hill,  and  Zoar  (Lower  Mercer)  limestones  are  present  in  most 
of  the  sections  and  the  Middle  Kittanning  shows  the  usual  features 
throughout.     The  last  is  the  important  coal  of  the  county. 

Very  little  information  is  available  for  the  higher  beds.  No  trace  of 
the  Upper  Kittanning  appears. 

Professor  Hodge  reports  a  1  foot  6  inches  bed  at  90  feet  above  the 
Middle  Kittanning,  near  the  Holmes  line,  and  in  an  adjoining  township 
is  a  limestone  at  65  feet  above  the  Middle  Kittanning.  This  may  be  the 
very  fossiliferous  bufif  limestone  seen  in  Bedford  township  at  130  feet 
above  the  Putnam  Hill  limestone.  A  coal  bed  is  in  two  townships  at  60 
to  70  feet  above  the  Middle  Kittanning  and  near  Coshocton  it  is  87  feet. 
This  bed,  60  to  90  feet  above  the  Middle  Kittanning,  may  be  the  Ijower 
Freeport.  The  Upper  Freeport,  wholly  unimportant,  is  reached  in  the 
northeastern  part  of  the  county,  where  Mr  Hodge  found  it  115  feet  above 
the  Middle  Kittanning  and  underlying  ore  and  limestone  as  in  Tus- 
carawas and  Stark.* 

•  J.  T.  Hodge :  Vol.  111.  pp.  570-571,  573,  578-579.  580,  582,  686-587.  689.  591. 
E.  OrtOD:  Vol.  v.  p.  93. 
E.  Orton,  Jr. :  Vol.  ▼,  pp.  856^57. 
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Muskingum  county  is  south  from  Coshocton  and  west  from  Guernsey 
and  Noble.  In  the  northern  part  of  the  county  Stevenson  recognized 
both  Freeport  coals,  the  Middle  Kittanning,  and  the  Brookville.  The 
last  is  persistent,  usually  an  inferior  cannel,  and  varying  in  thickness 
from  7  inches  to  4  feet.  The  Putnam  Hill  limestone  is  often  flinty  and 
usually  carries  some  ore,  but  no  trace  of  the  Coshocton  "Black  marble" 
appears  in  any  of  the  sections.  A  coal  bed  appears  in  one  township  be- 
tween the  Middle  Kittanning  and  the  Putnam  Hill  limestone,  18  to  55 
feet  below  the  upper  coal  and  it  may  be  at  the  Lower  Kittanning  horizon ; 
it  certainly  is  wanting  at  many  localities  where  the  exposure  of  the  in- 
ter\'al  is  complete.  The  Middle  Kittanning  shows  the  same  features  as 
in  Coshocton  and  is  from  80  to  105  feet  below  the  Upper  Freeport. 
The  latter  bed  is  worthless  except  in  the  eastern  side  of  the  county,  where 
it  is  mined.  The  interval  to  the  Middle  Kittanning  increases  east- 
wardly.  The  Freeport  sandstone  at  times  fills  almost  the  whole  interval 
to  the  Upper  Freeport  and  occasionally  is  conglomerate.* 

The  section  changes  somewhat  in  the  southern  part  of  the  county,  for 
there  the  Upper  Freeport  and  the  Middle  and  Lower  Kittanning  coal 
beds  are  each  of  them  important  within  circumscribed  areas  and  the 
Brookville  coal  bed  becomes  irregular,  l)eing  reported  by  Professor  An- 
drews from  only  three  townships.  It  certainly  is  absent  in  many  places 
where  the  exposures  appear  to  be  complete.  A  coal  blossom  appears  on 
top  of  the  Putnam  Hill  limestone  in  one  section  at  Zanesville  and  the 
Clarion  coal  is  present  at  Zanesville  as  well  as  at  some  other  places  at 
varying  distances  above  the  Putnam  Hill.  The  Vanport  limestone  is 
present  at  Zanesville  as  a  nodular  bed ;  elsewhere  it  was  seen  by  Professor 
Orton,  who  describes  it  as  drab,  weathering  yellowish  white,  fossiliferous, 
and  associated  with  iron  ore.  It  is  very  near  the  place  of  the  Coshocton 
marble,  which,  according  to  Hodge,  sometimes  is  drab  and  always  is  fossil- 
iferous. It  is  at  the  place  of  the  Lower  Kittanning  and  is  never  seen  in 
this  county  when  that  coal  bed  is  present. 

The  Ijower  Kittanning  is  65  feet  above  the  Putnam  Hill  limestone  at 

Zanesville,  but  the  interval  decreases  southward  to  38  feet  at  Del  Carbo. 

Along  this  line  the  coal  is  from  3  to  5  feet  thick  and  is  mined;  but 

southward  within  2  or  3  miles  it  disappears,  and  the  Vanport  linie- 

Btone  reappears  at  21  feet  above  the  Putnam  Hill ;  farther  south  on  the 

Perry  County  line  the  coal  is  again  present  and  mined.     Eastward  from 

this  narrow  area  the  bed  is  very  uncertain.     It  is  present  in  Washington 

township  east  from  Zanesville,  and  again  in  Perry,  where  Andrews  reports 

it  as  2  feet  thick  and  3  feet  above  a  sandy  limestone  and  ore,  evidently 

«].  J.  BtevenaoD:  Vol.  ill,  pp.  247,  240.  250,  254,  258. 
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at  the  Vanport  horizon.  The  Middle  Eittanning  is  thoroughly  persist- 
ent, though  not  always  of  workable  thickness.  It  attains  its  chief  im- 
portance along  a  narrow  space  southward  from  Zanesville  to  the  Perry 
line,  but  eastward  it  becomes  unimportant.  It  has  the  features  already 
mentioned,  but  occasionally  becomes  triple.  The  Lower  Freeport  is  re- 
ported as  a  blossom,  but  it  is  not  always  present,  as  sandstone  often  fills 
nearly  the  whole  interval  to  the  Upper  Freeport.  The  Upper  Freeport 
limestone  is  shown  in  many  sections.  The  Upper  Freeport  coal,  like  the 
beds  below,  is  good  in  the  strip  extending  southward  from  Zanesville, 
where  it  is  known  as  the  Alexander  coal  and  is  about  4  feet  thick,  yield- 
ing a  coal  low  in  ash,  though  rather  high  in  sulphur.  Elsewhere  for  the 
most  part  it  is  very  thin,  though  near  the  Guernsey  border  it  sometimes 
is  3  feet.  Everywhere  it  is  somewhat  uncertain ;  frequently  the  clay  and 
limestone  are  present  without  any  trace  of  coal ;  in  others  it  is  in  patches, 
having  been  removed  from  intervening  spaces  during  deposit  of  the  over- 
lying sandstone.* 

Southward  from  Muskingum  one  enters  Perry  coimty  and  passes  into 
the  Hocking  Valley  coal  field,  embracing  portions  of  Perry,  Hocking, 
and  Athens  counties.  This  region  was  studied  first  by  Professor  An- 
drews, afterward  by  Mr  Read,  and  finally  the  whole  work  was  revised 
by  Professor  Orton. 

Passing  out  of  Muskingum  county  at  Roseville,  one  soon  reaches 
McLuney,  in  Perry,  where  the  Upper  Freeport  is  at  107  feet  above  the 
Middle  Kittanning  and  is  accompanied  by  the  blackband  ore  which  has 
been  missing  for  nearly  50  miles,  as  the  outcrop  in  the  intervening  space 
is  too  far  east  to  catch  it.  Professor  Orton  observed  long  ago  that  the 
blackband  is  only  on  the  border  of  the  field,  associated  with  thin  coal, 
while  toward  the  interior  of  the  field  the  blackband  diminished  and  the 
coal  became  thicker.  Here  the  ore  and  coal  are  but  3  feet.  At  New 
Lexington,  8  or  9  miles  southwest  and  beyond  the  final  outcrop  of  the 
Upper  Freeport,  both  Kittannings  are  mined  and  are  from  20  to  30  feet 
apart,  as  in  southern  Muskingum.  The  Putnam  Hill  limestone  is  pres- 
ent here,  limestone  and  fiint,  with  the  Clarion  coal  bed  at  10  to  15  feet 
above  it;  but  southward  it  changes  and  soon  becomes  worthless  as  a 
stratigraphical  guide,  its  otfice  in  that  respect  being  taken  by  the 
"Baird  ore,'^  15  to  30  feet  higher,  the  Ferriferous  limestone  of  Andrews, 
the  "Limestone  ore"  of  the  southern  counties,  which  is  very  near  the 
horizon  of  the  Vanport  limestone.  Six  miles  farther  south  the  Kittan- 
nings are  both  present,  but  the  Lower  is  only  1  foot  thick  15  feet  above 

•     •  E.  B.  Andrews :  Vol.  I,  pp.  320-321,  324-827,  330,  332,  334-335. 
B.  Orton:  Vol.  v,  pp.  96-97,  99,  100,  878. 
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the  Vanport  and  34  feet  above  the  Putnam  Hill ;  thence  the  Middle  Kit- 
tanning  thickens  rapidly  and  within  2  miles  becomes  the  "Qreat  vein" 
of  Shawnee  and  Straitsville,  8  to  12  feet  thick.  The  bed  holds  its  thick- 
ness across  Ward  tovmship  of  Hocking  into  York  of  Athens,  where  it  is 
the  Nelsonville  coal,  6  to  10  feet  thick;  thence  it  decreases,  so  that  in 
Waterloo  township  of  Athens  it  is  but  3  feet  6  inches  and  is  known  as 
the  Carbondale  or  Mineral  City  seam.  The  Lower  Kittanning  appears 
in  most  of  Professor  Andrews's  sections  along  this  west  side  in  Perry, 
Hocking,  and  Athens  counties.  The  Vanport  limestone  with  its  ore  is 
persistent  and  the  Clarion  coal  bed  is  shown  in  some  of  the  sections ;  but 
the  Brookville,  underlying  the  Putnam  Hill  limestone,  is  very  indefinite 
south  from  the  Muskingum  line.  The  interval  from  Middle  Kittanning 
to  the  Baird  ore  (Vanport)  decreases  from  45  feet  at  6  miles  south  from 
the  Muskingum  line  to  38  feet  at  Waterloo,  in  Athens  county. 

The  higher  members  of  the  formation  are  followed  without  difficulty, 
but  at  some  distance  farther  east.  Several  deep  valleys  on  the  west  side 
of  the  field  show  the  whole  series,  while  Sunday  creek,  on  the  east  side, 
shows  the  section  down  to  the  Lower  Kittanning,  in  Monroe  of  Perry, 
Trimble,  and  Dover  townships  of  Athens.  Three  sections  suffice  to  ex- 
hibit the  variations: 

I.  Moxahala,  in  Pern"  county  (Read). 
II.  Shawnee,  in  Hocliiug  county  (Orton). 
III.  Nelflonville,  in  Athens  county  (upper  part  from  Orton,  lower  by  Read). 

Feet.  Inches.  Feet  Inches  Keet. 

1.  Upper  Freeport 4  6  3  0  6 

2.  Interval 31  0  18  0  32 

3.  Limestone  and  ore  .... .  ....  2  0  3 

4.  Interval  15  0  34  0  18 

5.  Lower  Freeport C  0  1  0  2 

6.  Lower  Freeport  limestone  \  r    0  6  1 

7.  Sandstone  or  shale (  41  0  325  01 

8.  Shale  j  (20  o\  ^ 

9.  Middle  Kittanning 12  0  10  0  8 

10.  Interval  26  0  26  0  23 

11.  Lower  Kittanning  3  to    5  0  3  0  4  to  8 

12.  Fireclay   and   sandstone 

or  clay 9  0  12  0  15  to  35 

13.  [Vanport]  ore  and  lime- 

stone   0  10  1  0  2  to  3 

The  Shawnee  or  Upper  Freeport  limestone  is  at  18  to  30  feet  below  its 
coal  bed.  It  rarely  shows  any  flint,  but  usually  carries  iron  ore;  it  is 
buff  on  weathered  surface,  is  non-fossiliferous,  and  is  almost  as  useful 
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in  carrying  the  section  as  is  the  Vanport,  Cambridge,  or  Ames  lime- 
stone. The  Lower  Freeport  limestone,  Norris  and  Snow  Pork  of  Orton, 
rarely  appears  in  the  sections.  The  Freeport  sandstone  is  conspicuous 
at  the  north,  but  becomes  indefinite  southward.  The  Lower  Freeport 
coal  is  widespread,  but  varies  greatly  in  thickness ;  it  is  the  Black  coal  of 
New  Lexington,  the  Fowler  of  Moxahala,  both  in  Perry ;  it  is  the  Juniper 
and  Frank  coal  of  Waterloo,  in  Athens,  where  it  is  15  to  20  feet  below 
the  Shawnee  limestone  and  26*  feet  above  the  Middle  Kittanning.  The 
Upper  Freeport  coal  bed,  known  as  "Stallsmith,"  "Norris,"  and  "Bay- 
ley's  run,"  is  mined  at  many  places,  but  rarely  attains  commercial  im- 
portance. Occasionally  it  is  4  to  6  feet  thick,  but  in  much  of  the  area 
it  is  wanting  and  its  horizon  can  be  traced  only  by  means  of  the  Shawnee 
limestone.  All  of  the  coal  beds  in  this  field,  except  the  Middle  Kittan- 
ning,  are  irregular,  but  each  is  workable  at  some  locality.  The  interval 
from  the  Upper  Freeport  to  the  Middle  Kittanning  varies  from  107  feet 
in  northern  Perry  to  76  feet  in  the  southern  part  of  the  county.  At 
Nelsonville  it  is  100  feet,  and  Andrews  found  it  about  100  feet  near 
Athens,  in  the  central  part  of  the  coimty.* 

Eastward  between  the  Hocking  valley  and  the  Ohio  are  the  counties 
of  Morgan,  Xoble,  Monroe,  Washington,  and  Meigs,  in  which  the  Alle- 
gheny is  very  deeply  buried.  A  few  records  of  oil  borings  are  available, 
which  aiford  some  scanty  information. 

Morgan  county,  south  from  Muskingum,  east  from  Perry  and  Athens, 
is  west  from  Noble  and  Washington.  On  the  western  border  a  well 
shows  the  Upper  Freeport  coal  bed,  6  feet  thick,  at  70  feet  below  the 
Cambridge  and  206  feet  below  the  Ames  limestone.  It  is  persistent  in 
this  oil  district.  The  wells  go  no  deeper.  Midway  in  the  county,  at 
McGonnellsville,  a  coal  bed  is  reported  at  347  feet  above  the  Maxville 
limestone  ("Big  lime")  and  underlying  a  sandstone  44  feet  thick.  As 
the  Pottsville  is  very  thin  here  as  compared  with  counties  farther  east, 
this  may  be  Upper  Freeport.  It  is  only  276  feet  from  the  surface,  where 
the  horizon  can  hardly  be  much  more  than  100  feet  below  the  place  of 
the  Pittsburg,  if  Professor  Andrew^s  be  accurate  in  his  identifications,  f 

Noble  county,  south  from  Guernsey  and  east  from  Morgan,  affords  no 
information.  A  well  in  the  extreme  southern  part,  near  Macksburg,  has 
three  coal  beds  at  339,  383,  and  438  feet  below  the  Ames  limestone,  the 
lowest  bed  being  about  640  feet  l)elow  the  place  of  the  Pittsburg;  it  is 
730  feet  below  the  Meigs  coal,  which  is  from  80  to  100  feet  above  the 

•  M.  C.  Read  :  Vol.  111.  pp.  665,  679.  705. 

E.   Orton:  Vol.   v.    pp.   101.    108,    112. 

K.  B.  Andrews :  Rept.  for  1869,  plate  of  grouped  sections, 
t  J.  A.  Bownocker:  Bulletin  no.  1,  pp.  14'i,  145. 


ALLEGHENY  FORMATION  IN  OHIO  123 

Pittsburg.  It  is  not  easy  to  correlate  the  higher  beds,  all  of  which  are 
below  the  Upper  Freeport,  but  the  bottom  bed  is  very  near  the  place  of 
the  Brookville.* 

In  Monroe,  east  from  Noble,  the  available  records  are  better  than  in 
the  counties  referred  to.  This  county,  south  from  Belmont,  extends 
eastward  from  Noble  to  the  Ohio  river,  there  adjoining  Wetzel  and  Tyler 
counties  of  West  Virginia.  In  the  northwestern  corner,  within  Summit 
township,  only  6  or  8  miles  south  from  the  Belmont  line,  a  record  shows 
the  Pittsburg  present,  though  very  thin.  Sandstone  begins  at  453  feet 
below  that  coal  bed ;  it  is  45  feet  thick  and  possibly  is  in  part  Mahoning. 
A  great  sandstone,  at  top  the  Butler-Freeport,  begins  at  10  feet  lower 
and  is  almost  continuous  to  678  feet,  where  it  overlies  a  coal  bed,  the 
same  with  that  seen  about  20  miles  to  the  southwest  at  640  feet.  The 
Conemaugh  thickens  rapidly  for  a  few  miles  from  the  western  outcrop  in 
Guernsey  and  Muskingum  and  its  bottom  in  this  region  is  not  far  from 
480  to  490  feet  below  the  Pittsburg.  The  Brookville  is  recorded  again 
in  Perry  township,  where,  as  in  Summit,  it  is  350  feet  above  the  Max- 
ville  or  "Big  limestone,"  but  the  interval  to  the  Pittsburg  is  705  feet, 
showing  an  increase  in  the  Conemaugh.  The  interval  remains  con- 
stant for  a  considerable  distance  eastward,  for  in  a  well  on  the  Ohio  river 
the  Pittsburg  is  1,050  feet  above  the  Maxville;  but  the  Brookville  coal 
is  not  recorded ;  that  bed,  however,  is  present  beyond  the  river,  in  Tyler 
county,  at  704  feet  below  the  Pittsburg,  f 

Washington  is  south  from  Monroe  and  Noble  and  east  from  Morgan. 
The  intervals  are  greater  here  than  on  the  western  outcrop.  At  Macks- 
burg,  in  the  northern  part  of  the  county,  toward  the  Morgan  border,  the 
great  sandstone  below  the  Brookville  is  at  760  feet  below  the  Meigs 
(Macksburg)  coal  bed,  but  the  Brookville  coal  is  not  recorded;  all  coals 
Beem  to  be  wanting.  The  sand  at  the  Butler-Freeport  horizon  is  78  feet 
thick  and  is  known  locally  as  the  Dunkard;  its  top  is  about  460  feet 
l)elow  the  place  of  the  Pittsburg.  Farther  southeastward,  in  the  Cow- 
run  region,  one  finds  the  Monroe  interval  again.  At  Macksburg  the 
Ames  is  about  190  feet  below  the  Pittsburg;  on  Cowrun  the  exposures 
make  it  about  230  feet.  In  the  Centennial  well  on  Cowrun  the  Brook- 
ville is  at  701  feet  below  the  Pittsburg,  with  another  coal  at  63  feet 
higher;  near  Macksburg  the  next  coal  is  65  feet  above  the  Brookville. 
The  Allegheny. shows  in  all  only  66  feet  of  sandstone;  but  it  is  worthy 
of  note  that  here,  as  in  the  West  Virginia  counties  east  from  Washington, 

*  J.  A.  BowDOcker:  BaHetln  no.   1,  p.  160. 
t  J.  A.  Bownocker :  BuUetln  no.  1,  pp.  196,  212,  216. 
I.  C.  White :  Geology  of  West  Virginia,  yoI.  I,  p.  356 ;  vol.  11,  p.  391. 
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the  red  beds  reach  down  into  the  Allegheny,  for  beginning  at  503  feet 
below  the  Pittsburg  is  a  great  mass  of  red  shale  64  feet  thick  and  ex- 
tending to  the  Kittanning  horizon.  In  the  same  region  Professor  An- 
drews reports  the  Brookville  coal  bed  at  about  688  feet  below  the  Pitts- 
burg, but  the  interval  from  the  Pittsburg  to  the  well  curb  was  not  meas- 
ured carefully  and  the  difference  in  interval  may  be  apparent,  not  real. 
Several  miles  farther  south  and  near  the  Ohio  the  interval  seems  to  be 
about  713;  the  measurement  is  approximate,  but  the  increase  is  to  be 
expected  in  this  direction.  At  Marietta,  6  miles  west  from  the  last,  the 
inten^al  seems  to  be  somewhat  less  than  725  feet,  as  will  be  seen  in  the 
discussion  of  the  Conemaugh  of  this  region.  It  is  worthy  of  note  here 
that  in  Monroe  and  Washington  the  Brookville  is  the  only  persistent  coal 
horizon.* 

Meigs  county  is  south  from  Washington,  along  the  Ohio  river.  Here 
also,  for  the  most  part,  the  Allegheny  is  deeply  buried  and  the  exposures 
rarely  go  down  to  the  Upper  Freeport,  even  in  the  western  part  of  the 
county,  where  that  coal  bed  is  at  112  feet  below  the  Upper  Cambridge, 
about  85  feet  below  the  Lower  Cambridge  limestone.  The  only  available 
record  is  at  Pomeroy,  on  the  Ohio  river,  where  the  Cambridge  limestone, 
apparently  the  Lower,  is  at  286  feet  below  the  Pittsburg  (Pomeroy)  coal 
bed,  about  40  feet  more  than  at  6  miles  west.  The  bottom  of  the  Malion- 
ing  is  at  431  feet,  and  at  15  feet  lower  begins  a  sandstone  58  feet  thick. 
The  first  coal  bed  is  at  529  feet  below  the  Pittsburg,  the  second  at  580, 
and  the  third  at  675  feet.  The  first  is  at  210  feet  below  the  Cambridge 
limestone.  The  lowest  coal  at  390  feet  below  the  Cambridge  is  10  feet 
above  /a  massive  pebbly  sandstone,  62  feet  thick,  separated  by  7  feet  of 
shale  from  another  thick  sandstone,  in  which  the  well  was  stopped.  This 
bottom  bed  appears  to  be  the  Brookville,  as  the  interval  from  Pittsburg 
to  Cambridge  is  fully  40  feet  less  than  at  the  exposures  east  from  Mari- 
etta, where  the  interv^al  to  the  Ames  is  about  230  feet.  Excepting  that 
at  529  feet,  the  coals  in  the  Pomeroy  well  are  indefinite,  being  mere 
streaks  distributed  through  11  feet  of  shale,  so  that  the  condition  at 
Letart,  10  miles  east,  in  Mason  county  of  West  Virginia,  is  that  to  be 
expected,  for  there  the  coals  are  wholly  absent  from  the  AU^heny.f 

Ketuming  to  tlie  western  outcrop  and  entering  Vinton  coimty,  south 
from  Hocking  and  west  from  Athens,  one  reaches  the  "Hanging  Rock** 
district,  embracing  portions  of  Vinton,  Jackson,  Scioto,  Athens,  Gallia, 
and  Lawrence  counties,  to  the  southern  boundary  of  Ohio.    In  this  iiar- 

^  B.   B.   Andrews :  Vol.   it,    pp.   407,   602. 

B.  Orton:  Vol.  vl,  p.  399. 

J.  A.  BowDocker:  DuUetin  no.  1,  pp.  ISl,  160,  176. 
-f  B.  Orton :  Vol.  vl,  p.  897. 
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row  area  one  has  the  detailed  measurements  by  Professor  Andrews,  sup- 
plemented by  Professor  Orton's  close  revision,  made  ten  years  later,  as 
well  as  local  contributions  by  Messrs  McMillin,  Bownocker,  and  I.  C. 
White.  Throughout  most  of  the  area  the  main  stratigraphical  guides 
persist,  though  n  some  portions  the  Ames  limestone  of  the  Conemaiigh 
becomes  shale  and  the  Putnam  Hill  limestone  for  the  most  part  can  be 
followed  only. with  uncertainty.  The  several  coal  beds  are  present  with 
more  or  less  regularity,  but  each  of  them  seems  to  be  absent  from  con- 
siderable areas. 

In  Vinton  county  the  Upper  Freeport  is  often  absent,  and  when  present 
ifl  80  thin  that  it  appears  only  as  a  "blossom"  in  Professor  Andrews^s  sec- 
tions ;  but  its  place  is  followed  easily  by  means  of  its  clay  and  the  under- 
lying limestone,  here  known  as  the  Shawnee  or  Buff  limestone.  The 
interval  to  the  limestone  varies  from  18  feet  on  the  northern  edge  of  the 
CDunty  to  58  feet  at  18  miles  south,  and  in  this  distance  the  interval  from 
Upper  Freeport  to  Middle  Kittanning  increases  from  90  to  116  feet. 
The  Lower  Freeport  coal  bed  does  not  appear  in  any  of  the  sections  by 
Andrews  and  its  existence  here  is  uncertain.  At  one  time  the  important 
coal  bed  at  Hamden  furnace  was  thought  to  be  at  this  horizon,  but  closer 
study  proves  it  to  be  the  Middle  Kittanning.  That  bed  is  present 
throughout,  though  variable  and  decreasing  in  importance  southward. 
It  is  from  18  to  50  feet  above  the  Ijower  Kittanning,  which  is  present  in 
most  of  the  sections,  though  seldom  more  than  2  feet  thick.  The  least 
interval  is  in  the  northern  part  of  the  county,  but  in  the  southern  town- 
ships it  rarely  exceeds  25  feet.  The  Lower  Kittanning  is  10  to  20  feet 
above  the  Vanport  limestone  and  ore,  below  which,  at  3  to  15  feet,  is  the 
Clarion  or  "Limestone  bed,"  which  is  persistent,  triple,  and  2  to  4  feet 
thick.  The  Brookville — 25  to  37  feet  according  to  Andrews,  30  to  60 
feet  according  to  Orton — below  the 'Clarion,  is  usually  present  and  is 
workable  in  four  townships,  yielding  a  good  coal,  though  rather  high  in 
ash  and  sulphur.  Its  thickness  is  from  2  feet  6  inches  to  6  feet  7 
inches.* 

In  Jackson  county,  south  from  Vinton,  the  complete  section  is  shown 
on  the  Gallia  border,  thus: 

Feet        Inches 
Ip  Upper  Freeport 

2.  Sandstone 50  0 

3.  Lower  Freeport   4  0 

4.  Interval 30  0 

5.  Sandstone  25  0 

•E.  B.  Andrews:  Vol.  I.  pp.  93,  107-111,  113,  116.  117-118,  120,  124. 
E.  Orton  :  Vol.  Ui,  p.  932  ;  vol.  ▼,  pp.  999,  1003 ;  toI.  tU,  p.  280. 
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Feet.       Feet 

6.  rx)wer   Kittiinning 2  6 

7.  Clay  and  shale 27  0 

8.  [Vanport]  limestone  

9.  Clarion    

10.  Hecla  sandstone 50  0 

11.  Brookvllle 2  6 

or  somewhat  less  than  200  feet  for  the  whole  formation.  The  Upper 
Freeport,  known  locally  as  the  Lucas  coal,  is  in  small  areas  on  the  hill- 
tops and  shows  4  to  6  feet  of  good  coking  coal,  hut  it  has  not  been  devel- 
oped. The  Lower  Freeport  is  insignificant.  The  Middle  Kittanning, 
known  as  the  Sheridan  coal,  is  double,  but  not  important  within  this 
county.  The  bottom  bench  of  the  Hocking  Valley  field  has  disappeared, 
and  there  remain  only  the  middle  and  upper,  the  latter  yielding  poor 
coal;  so  that,  although  the  bed  is  sometimes  3  feet  6  inches  thick,  it  is 
seldom  worth  working.  It  is  60  to  70  feet  above  the  Vanport  limestone 
and  the  interval  to  the  Ijower  Kittanning  is  32  to  44  feet.  This  lower 
bed,  known  as  the  Newcastle,  is  the  important  coal  bed  of  the  county  and 
underlies  a  massive  sandstone,  at  times  conglomerate.  The  Clarion,  1  to 
2  feet  below  the  Vanport,  and  the  "steadiest"  coal  seam  in  the  county, 
is  double  and  yields  somewhat  more  than  3  feet  of  fairly  good  coal.  The 
Brookville,  40  to  50  feet  below  the  limestone,  underlies  the  massive 
Clarion  sandstone,  known  as  the  Hecla,  and  varies  from  2  to  4  feet,  but  is 
not  mined,  as  the  coal  has  much  refuse.* 

In  Gallia  county,  east  from  Jackson  and  south  from  Meigs,  one  finds 
the  section  reaching  to  the  Lower  Kittanning  within  the  western  town- 
ships, but  the  Allegheny  is  wholly  buried  along  the  Ohio.  In  the  west- 
em  townships  the  Middle  Kittanning  is  about  480  feet  below  the  Pitts- 
burg, and  the  place  of  the  Brookville,  according  to  a  boring,  is  129  feet 
lower,  or  609  feet  below  the  Pittsburg.  No  well  records  are  available  for 
Gallia  except  along  the  Jackson  border,  but  Doctor  White  gives  one  in 
Mason  county  of  West  Virginia  directly  opposite  Gallipolis,  in  Gallia. 
It  begins  about  200  feet  below  the  place  of  the  Pittsburg  coal  b«d,  the 
figures  being  approximate  only,  as  that  coal  bed  is  wanting  at  Gallipolis, 
though  it  was  found  by  Andrews,  very  thin,  at  a  few  miles  back.  In  this 
well  the  first  coal  bed  is  at  472  feet  and  the  second  at  238  feet  lower,  or 
710  feet  below  the  Pittsburg.  The  relation  between  the  coal  beds  is  that 
between  the  Upper  Freeport  and  the  Brookville  in  western  Gallia,  and 
in  this  well  the  bottom  coal  bed  rests,  as  in  western  Gallia  and  at  so 
many  other  places  farther  north,  on  a  great  sandstone.     It  is  evidently 

«E.   B.  Andrews:  Vol.   U  PP.   164,    159,   160-101. 
B.  Orton:  Vol.  y,  pp.  10261031. 
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the  Brookville,  and  the  increased  interval  as  compared  with  10  miles 
farther  west  is  in  accord  with  what  has  been  found  all  the  way  south- 
ward, but  the  actual  interval  from  the  Pittsburg  is  probably  barely  700 
feet.* 

Returning  to  the  western  outcrop  in  Scioto,  one  finds  the  whole  section 
on  the  Lawrence  border,  where  at  Panther  hill  the  thickness  of  the  forma- 
tion is  barely  175  feet.  At  a  few  miles  east,  in  northern  Lawrence 
county,  Mr  McMillin's  section  shows  all  of  the  coal  beds  present  except 
the  Clarion  and  the  total  thickness  is  approximately  200  feet.  The 
Upper  Freeport,  in  most  of  the  region  unimportant,  reaches  great  de- 
velopment in  the  Waterloo  field  of  northern  Lawrence  and  the  adjacent 
part  of  Oaltia,  where  it  was  first  correlated  accurately  by  Mr  McMillin. 
It  is  a  double  bed,  5  to  6  feet  thick.  The  IjoWer  Freeport  i's  persistent 
within  a  broad  strip  of  western  Lawrence,  where  it  is  commonly  about 
4  feet  thick  and  is  known  as  the  Hatcher  bed.  The  Middle  Kittanning 
(Sheridan,  Coal  6)  is  a  "steady  and  excellent  seam,"  usually  more  than 
3  feet  thick  and  yielding  in  many  places  an  open  burning  coal.  It  is  a 
double  bed,  apparently  without  the  lower  or  bottom  bench  of  the  Hock- 
ing valley.  The  Lower  Kittanning  (Newcastle)  is  a  good  coal,  3  feet 
6  inches  thick  in  the  western  part  of  the  county.  The  Clarion  (Lime- 
stone coal),  underlying  the  Vanport,  enters  from  the  north  as  an  im- 
portant bed,  but  decreases  quickly  southward  and  eastward  and  disap- 
pears, but  the  Brookville  persists,  though  becoming  thinner  southward 
and  worthless  throughout. 

Sections  by  Professor  Orton,  Doctor  White,  and  Mr  McMillin  have 
been  measured  on  the  Ohio  at  and  above  Ironton,  on  the  southern  border 
of  Lawrence  county,  which  make  the  thickness  of  Allegheny  240  feet, 
showing  a  notable  increase  in  12  miles  southward.  No  sections  have 
been  obtained  along  the  easterly  side  of  the  county  along  the  Ohio,  as  the 
character  of  the  surface  prevents  exposures;  nor  are  there  any  well 
records;  but  at  Central  City,  in  Cabell  county  of  West  Virginia,  10  or  12 
miles  southeast  from  Ironton  and  at  the  same  distance  from  Mr  McMil- 
lin's measurements  in  northern  Lawrence,  a  well  record  shows  black  slate 
at  670  feet  below  the  Pittsburg  coal  bed,  with  a  limestone  at  203  feet 
above  it.  This  is  the  relation  of  the  Shawnee  limestone  and  Brookville 
coal  farther  west.  The  interval,  Pittsburg  to  Brookville,  is  630  at  Iron- 
ton,  about  700  feet  at  Qallipolis,  and  in  each  case,  as  here,  the  great 
i^andstone  of  the  Pottsville  begins  below  the  coal.     The  black  shale  at 

•  B.    Orton :  Vol.    v,   pp.    1028,    1049-1050. 
I.  C.  White :  Geology  of  West  Virginia,  vol.  i,  p.  273. 
J.   A.  Bownocker:  Bulletin  no.  1,  p.  279. 
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Central  City  represents  the  Brookville  coal  bed,  which  has  persisted  more 
thoroughly  than  any  other  from  Tyler  county  of  West  Virginia  and 
Monroe  of  Ohio.* 

KEHTVCKY 

Passing  over  into  Kentucky,  one  enters  Greenup  county  opposite  Law- 
rence of  Ohio.  The  Allegheny  area  is  bounded  at  the  west  by  the  Little 
Sandy  river,  which  flows  northward  from  Elliott  county  through  Carter 
and  Greenup  to  the  Ohio  river,  reaching  that  stream  at  about  10  miles 
below  Ironton.  Boyd  county,  east  from  Greenup,  extends  to  the  Big 
Sandy  river,  the  state  line.  Professor  CrandalPs  generalized  section  for 
Greemip,  Boyd,  and  Carter  counties  is: 

Feet 
I.*  Sandstone  [Buffalo  and  Mahoning] 75 

2.  Coal  bed  9  [Upper  Freeport] 

3.  Sandstone  and  shale 50 

4.  Coal  bed  8  [Lower  Frt»eix)rt] 

5.  Shale  and  sandstone 40 

6.  Coal  bed  7  [Middle  Kittanning] 

7.  Shale  and  sandstone 40 

a  Coal  bed  6  [Lower  Kittanning] '. 

9.  Sandstone  or  shale  13 

10.  Ore  and  limestone  [ Vanport] 

11.  Shale  and  sandstone 30 

12.  Coal  bed  5  [Brookville] 

13.  Interval  37 

14.  Coal  bed  4  [Tiouesta] 

Two  limestones  are  important  in  these  counties;  the  lower,  or  First 
Fossiliferous,  is  between  the  Freeport  coal  beds  at  10  to  25  feet  above  the 
Lower,  and  is  present  in  all  sections  where  not  cut  away  by  the  Butler 
sandstone;  it  is  often  termed  the  "Yellow  limestone,*'  as  is  the  Shawnee, 
its  equivalent  in  Ohio.  It  seems  to  be  non-fossiliferous  in  Ohio,  but  in 
Kentucky  it  carries  a  characteristic  Carboniferous  fauna.  The  Second 
Fossiliferous  limestone  is  in  the  Conemaugh  and  is  the  I^ower  Cam- 
bridge of  southern  Ohio.  These  two  limestones  are  persistent  and  enable 
one  to  carry  the  section  where  the  coal  beds  are  absent  or  concealed.  The 
Vanport  limestone  is  practically  continuous  along  the  western  outcrop 
into  Elliott  county,  beyond  which  it  has  been  recognized  at  a  few  points 
in  Morgan  county  as  well  as  in  northern  Breathitt  farther  south ;  but  in 
both  Morgan  and  Breathitt  the  localities  are  somewhat  widely  separated 
and  the  continuous  outcrop  ends  in  Elliott.     This  limestone  seeniB  to  bo 

•  B.  Orton :  Vol.  Hi.  p.  928 :  vol.  v,  pp.  1038,  1040,  1054. 
E.  McMllIin  :  Vol.  ▼,  p.  122,  and  personal  communication. 
I.  C.  White:  Bulletin  no.  65.   p.  135. 
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non-fo68iliferou8  throughout  Kentucky.  It  is  accompanied,  as  in  Ohio, 
by  an  important  iron  ore;  this  at  one  locality  in  Elliott  county  is  so 
loaded  with  quartz  pebbles  as  to  be  worthless.  Eastwardly  the  Vanport 
limestone  disappears  along  the  Ohio  river  at  about  4  miles  below  Catletts- 
burg,  and  its  eastern  limit  appears  to  be  a  line  extending  almost  due 
Bouth  from  Ashland  on  the  Ohio  for  about  30  miles  into  southern  Law- 
rence, beyond  which  information  is  lacking.  The  ore  persists  eastwardly 
for  a  short  distance  beyond  the  limestone,  but  it  too  disappears  before  the 
state  line  has  been  reached. 

The  Clarion  coal  bed  is  wanting  along  the  Ohio  river;  the  Brookville 
is  missing  in  a  section  below  Hanging  Rock,  but  is  present  near  Ironton 
and  persists  thence  to  where  it  passes  under  the  river.  It  is  not  reported 
at  Catiettsburg  on  the  state  line.  The  Clarion  (Hecla)  sandstone  over- 
lies the  Brookville  and  in  one  section  fills  the  whole  interval  to  the  Van- 
port  limestone.  The  Lower  and  Middle  Kittanning,  Lower  and  Upper 
Freeport  coal  beds  are  apparently  persistent  along  the  Ohio  border,  but 
the  only  one  holding  its  thickness  is  the  Lower  Kittanning.  The  Middle 
Kittanning,  7  feet  thick  at  Ironton,  becomes  a  mere  trace  at  Catietts- 
burg, while  the  Freeport  beds  are  thin  everywhere.  A  massive  sandstone 
overlies  the  Lower  Kittanning  and  near  the  West  Virginia  border  an- 
other underlies  it,  no  doubt  continuous  with  the  Clarion,  as  the  Vanport 
limestone  has  disappeared. 

Along  the  western  outcrop  in  Greenup,  Carter,  Elliott,  Morgan,  and 
northern  Breathitt  the  exposed  section  rarely  extends  much  above  the 
Vanport  horizon,  though  occasionally  it  includes  the  whole  formation. 
In  Greenup  and  Carter  the  Clarion  coal  bed  appears  occasionally  directly 
mider  the  Vanport  limestone  and  resting  on  the  Clarion  sandstone;  but 
the  bed  is  so  irregular  throughout  that  it  is  not  included  in  the  numbered 
scale.  The  Brookville  is  present  in  those  counties  wherever  its  horizon 
is  exposed,  but  in  Elliott  no  trace  of  it  has  been  discovered,  and  there  is 
no  certainty  that  it  exists  in  Morgan;  there  seems,  however,  to  be  no 
doubt  respecting  its  presence  in  northern  Breathitt,  where  Mr  Hodge's 
sectioDB  showing  the  Vanport  limestone  are  sufficiently  clear.  In  that 
county  it  is  from  20  to  50  feet  below  the  limestone,  the  interval  varying 
as  in  Carter  county.  At  one  place  it  seems  to  be  triple,  the  benches  in  a 
vertical  space  of  20  feet,  and  the  interval  to  the  Vanport  is  filled  with 
sandstone,  the  Clarion.  The  Brookville,  usually  either  cannel  or  splint, 
rarely  attains  economic  importance. 

The  Kittannings  seem  to  be  traceable  into  Elliott  and  the  Middle  is 
occasionally  workable.    The  Lower  Freeport,  usually  thin,  apparently 

XII— Bull.  Gbol.  Soc.  Am.,  Vol.  17.  1905 
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disappears  before  reaching  Elliott  county.  The  Upper  Freeport  is  seen 
rarely.  In  Elliott  county  the  rocks  of  the  Allegheny  become  coarse,  this 
condition  becoming  more  marked  southwardly,  so  that  beyond  that  county 
the  section  above  the  Vanport  horizon  can  \ye  followed  only  with  extreme 
difficulty.  The  Ijower  and  Middle  Kittannings  should  be  reached  in 
northeast  Breathitt,  where  the  section  extends  at  one  locality  to  450  feet 
above  the  Tionesta  coal  bed,  or  to  about  350  feet  alwve  the  place  of  the 
Vanport  limestone.* 

In  Boyd  and  Lawrence  counties,  east  from  the  narrow  outcrop,  the 
Brookville  seems  to  be  persistent.  Ordinarily  it  is  thin,  but  in  central 
Lawrence,  near  Louisa,  it  is  a  mass  10  feet  8  inches  thick  with  this 

structure : 

Feet  Inches 

CJoal    0  8 

Shale 1  8 

Coal  and  sandstone 0  7 

Shaly  coal 3  0 

Impure  oonl 2  3 

Coal  2  6 

The  Kittannings  and  the  Tjower  Freeport  are  generally  present,  but  the 
Upper  Freeport  is  absent  in  considerable  areas.  The  Butler  sandstone 
is  often  continuous  with  the  Mahoning  above  and  at  times  extends  down- 
ward, so  as  to  cut  out  the  Upper  Freeport  (First  Fossiliferous,  Shawnee) 
limestone.  It  is  quite  possible  that  the  absence  of  the  Clarion  in  so 
much  of  Kentucky  is  due  to  the  upward  extension  of  the  Clarion  sand- 
stone. In  southern  Lawrence  the  coal  beds  become  uncertain  and  in 
some  of  the  sections  they  seem  to  be  wholly  wanting.  In  much  of  John- 
son county,  south  from  Lawrence,  the  Allegheny  has  been  removed,  but 
it  is  probable  that  the  whole  section  is  preserved  in  portions  of  Martin 
county,  east  from  Johnson,  along  the  West  Virginia  line;  the  tracing, 
however,  is  not  sufficiently  close  to  make  possible  the  correlation  of  coal 
beds. 

Still  farther  south  the  conditions  become  very  complex;  the  coal  beds 
divide,  the  intervals  thicken,  and  the  true  relations  will  be  determined 
only  by  patient  tracing  in  detail.  Correlations  offered  by  Professor 
Crandall  and  Mr  Hodge  as  the  result  of  rapid  reconnaissance  must  be 
accepted,  in  accordance  with  their  suggestion,  as  merely  tentative.     The 

*  A.  R.  Crandall :  Geol.  Survey  of  Kentucky,  Oreenup,  Carter,  and  Boyd  counties,  pp. 
22.  33,  49.  53,  59.  68 :  pi.  1,  25 ;  fig.  2.  26 ;  tig.  1,  31 ;  sections  34,  35,  51-52,  56,  08-59, 
61-62,  69,  78,  82;  Elliott  county,  pp.  10,  11-13;  Morgan,  Johnson,  and  Magoffin,  p.   17. 
J.  M.  Hodge :  Southeastern  Kentucky  coal  fields,  p.  107,  sections  56,  81,  84-85,  87. 
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work  by  those  observers  seems  to  show  that  Allegheny  beds  extend  south- 
westwardly  to  not  less  than  75  miles  beyond  Martin  county.* 

WEST  VIRGINIA 

Returning  now  to  the  east  side  and  entering  West  Virginia  in  Monon- 
galia county,  west  from  Chestnut  ridge,  one  may  follow  thence  to  the 
Kanawha  river  the  easterly  boundary  of  the  Allegheny  and  afterward, 
mostly  by  means  of  oil-boring  records,  trace  the  section  across  the  state 
to  make  connection  with  Ohio. 

Morgantown  is  about  8  miles  south  from  the  Pennsylvania  line.  The 
exact  section  there  was  obtained  by  Doctor  White's  measurements  of  a 
core.  Other  measurements  by  him  between  that  place  and  Webster,  25 
miles  southward,  in  Taylor  county,  may  be  grouped  with  that  at  Morgan- 
town: 

I.  Near  Morgantown,  0  mlleR  Routh  from  Pennsylvania  line. 
II.  Booth's  oreelE,  6  miles  south  from  Morgantown. 
III.  White  Day,  12  miles  west  of  south  from  Morgantown. 
IV.  Valley  Falls,  20  miles  west  of  south  from  Morgantown. 
V.  Webster,  5  miles  southeast  from  Valley  Falls. 


II 


III 


Ft.      In.    Ft. 


In. 


Ft. 


IV 

Ft.     In. 


1.  Pittsburg  coal 

2.  Interval 561 

3.  Upper  Freeport  coal 5 

4.  Fireclay  7 

5.  Sandstone  [Butler]   63 

6.  liower  Freeport  coal.....  Thin 

7.  Shales  and  fireclay 22 

8.  Sandstone  and  fireclay  . .  7 

9.  Black  shale,  sandstone. ..  15 

10.  Upper  Klttauning  coal...  2 

11.  Shales,  fireclay 32 

12.  Middle  and  Lower  Klttau- 

ning coal 8 

13.  Fireclay  shale 15 

14.  [Kittanning]  sandstone  ..  54 

15.  Shale   2 

1&  [Brookville]  coal  1 

17.  Fireclay,  shale  21 
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to  the  Pottsville  sandstone.  At  Morgantown  the  Ijower  Freeport  coal  is 
627  feet  below  the  Pittsburg  coal  bed  and  at  Webster  it  is  624  feet.  At 
Morgantown  the  Upper  Freeport  is  274  feet  below  the  Ames  limestone : 

*  A.  R.  Crandall :  Greenup,  etc.,  pp.  68-69,  pi.  28,  figs.  2,  4,  30 ;  fig.  7,  31 ;  fig.  5 ; 
Morion,  etc.,  p.  21. 
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at  Grafton,  a  few  miles  northwest  from  Webster,  it  is  250,  and  at  Web- 
ster it  is  about  255,  assuming  the  same  interval  to  Lower  Freeport  as  at 
Valley  Falls.  At  Valley  Falls  the  interval  from  Lower  Freeport  to 
Brookville  is  only  88  feet,  but  at  Webster  it  is  102  feet.  At  the  latter 
locality  the  sandstone  below  the  Brookville  is  practically  continuous  for 
220  feet,  to  the  bottom  of  the  boring. 

The  Allegheny  is  about  250  feet  thick  near  Morgantown,  but  the 
thickness  decreases  southwardly ;  on  Booth's  creek  it  is  192  plus  the  in- 
terval between  Brookville  and  Pottsville;  on  White  Day  it  is  179;  at 
Valley  Falls,  196  feet  7  inches,  and  at  Webster  not  more  than  175  feet, 
thus  showing  a  loss  of  at  least  75  feet  in  less  than  25  miles.  The  writer 
is  responsible  for  the  correlations,  the  local  names  for  the  lieds  being 
different  in  many  places  from  those  given.  The  lowest  bed  on  Booth's 
creek  is  known  locally  as  the  Tx)wer  Kittanning  and  the  lowest  at  Webster 
as  the  Lower  Freeport. 

It  is  necessary  to  give  the  relations  in  detail  for  this  area,  as  it  is  the 
critical  area  for  determination  of  the  relations  farther  south.  Within 
this  area  one  observes  the  somewhat  abrupt  change  from  the  Pennsyl- 
vania section  to  that  of  the  eastern  outcrop  in  West  Virginia.  The  sec- 
tion at  White  Day  enables  the  writer  to  correct  his  identification  of  the 
Brookville  at  Webster  with  the  Lower  Kittanning  in  the  tentative  cor- 
relation offered  in  description  of  the  Pottsville  section  for  the  eastern 
outcrop.  This  correction  makes  necessary  the  transfer  of  the  Roaring 
Creek  sandstone  to  the  Pottsville,  but  it  in  no  wise  affects  the  conclu- 
sions respecting  the  Pottsville  of  the  Kanawha  area. 

On  Deckers  and  Booths  creeks  of  Monongalia  county  a  dark  shale, 
the  Uffington  of  I.  C.  White,  intervenes  between  the  Upper  Freeport  coal 
and  the  overlying  Mahoning  sandstone.  It  is  extremely  rich  in  marine 
fossils  and  in  many  ways  closely  resembles  the  dark  shale  associated  with 
the  Brush  Creek  limestone  of  the  Conemaugh.* 

Ascending  the  Valley  river  from  Webster,  one  finds  at  Moatsville,  in 
Barbour  county,  the  great  sandstone  of  the  Webster  boring  forming  bold 
cliffs  with,  as  at  Webster,  a  variable  coal  bed  at  10  feet  above  it.  This 
bed,  3  feet  thick  at  Moatsville,  is  12  feet  6  inches  half  a  mile  away, 
where  it  has  a  sandstone  parting  8  feet.  The  bottom  of  this  Brookville 
coal  bed  at  Moatsville  is  149  feet  below  the  top  of  a  3-foot  coal  bed,  but 
at  the  other  locality  the  interval  is  147  feet.  The  upper  bed  is  the 
Upper  Freeport.  At  5  miles  southeast  from  Moatsville  a  record  and 
boring  at  the  Hall  well  show  the  Ijower  Freeport  at  607  feet  below  the 

•^I.  C.  White:  Geology  of  West  Virginia,  vol.  lo.  p.  151 ;  vol.  11,  pp.  230  and  348,  233 
850  and  605,  347,  365. 
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Pittsburg  and  295  below  the  Ames  limestone.  The  Brookville  is  at  105 
feet  lower,  or  712  feet  below  the  Pittsburg  and  538  feet  above  the  red 
shale  of  the  Lower  Carboniferous.  At  Philippi,  4  miles  farther  south- 
east, a  boring  shows  the  Lower  Freeport  at  106  feet  above  the  Brooke 
ville,  the  latter  at  522  feet  above  the  red  shale.  There  the  Lower  Kit- 
tanning  is  3  feet  thick  and  25  feet  above  the  Brookville.  Doctor  White 
gives  a  combined  exposure  and  record  just  below  Philippi,  thus : 

Feet  Inches 

1.  Sandstone  and  shale 70  0 

2.  Upper  Freeport  coal  3  0 

3.  Ck>ncealed  and  sandstone 75  0 

4.  Upper  KIttanuIng  coal  4  3 

5.  Concealed,  shale,  sandstone 40  0 

6.  Middle  and  Lower  Kittanning  coal  6  0 

7.  Shale  15  0 

8.  Clarion  [Brookville]  coal 2  0 

9.  Shale 10  0 

11.  Roaring  Creek  sandstone  [PottsvUle] 

making  the  interval  from  Upper  Freeport  to  Brookville  140  feet  and  the 
whole  thickness  of  the  Allegheny  155  feet.  The  relation  of  the  Brook- 
ville to  the  Pottsville  is  the  same  as  at  Webster  and  Moatsville,  as  well  as 
at  Xewburg,  in  Preston  county,  10  or  12  miles  east  from  Webster.  The 
Freeport  sandstone  overlying  the  Upper  Kittanning  is  coarse  and  much 
of  it  is  pebbly.  A  limestone  is  present  at  a  few  feet  above  the  Brook- 
ville coal  at  Webster,  Moatsville,  Valley  Furnace,  and  at  Meriden  below 
Philippi.  It  was  used  as  a  flux  at  Valley  Furnace,  where  it  is  10  feet 
above  the  coal;  this  is  suggestive  of  the  Putnam  Hill  horizon.  The 
Roaring  Creek  sandstone,  about  60  feet  thick,  is  continuous  with  the 
lower  sandstones  in  much  of  the  area  southward,  and,  forming  bold 
cliffs,  makes  easy  the  tracing  of  the  coal  bed.  The  Brookville  (Arden, 
Roaring  Creek)  coal  bed  retains  its  place  at  10  to  15  feet  above  the 
sandstone,  constantly  rising,  so  that  near  the  southern  border  of  Barbour 
county  it  is  200  feet  or  more  above  the  Valley  river.  The  structure  is 
complex,  there  being  nine  layers  of  coal  and  shale,  in  all  14  feet  thick, 
with  one  bench  of  coal  3  feet  1  inch.* 

From  this  locality  southward  the  Brookville  is  high  up  in  the  hills 
and  no  detailed  section  of  the  rocks  above  it  is  available  until  one  reaches 
the  Kanawha  waters.  The  bed  retains  its  tendency  to  divide  and  is 
from  6  to  10  feet  thick  in  Randolph  south  from  Barbour.  In  Webster, 
south  from  Randolph,  it  is  from  5  to  7  feet  thick  and  its  top  bench  is 

•  I.  C.  White :  Geology  of  West  Virginia,  vol.  la,  pp.  346,  348 ;  vol.  II,  pp.  297.  812, 
ud  a09,  357,  360,  426. 
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occasionally  either  splint  or  impure  cannel.  Overlying  the  coal  in  this 
county  is  a  succession  of  massive  more  or  less  pebbly  sandstone,  shown 
on  one  knob  in  three  benches,  but  with  the  intervals  concealed.  The 
thickness  is  200  feet.  This  great  sandstone  mass,  the  Charleston  sand- 
stone of  M.  R.  Campbell,  is  a  conspicuous  feature  from  Randolph  county 
southward.  Passing  over  into  Nicholas  county,  one  finds  the  blossom 
of  the  Brook ville  near  Qilboa  under  150  feet  of  massive  pebbly  sand- 
stone, all  other  coal  beds  appearing  to  be  absent.  Two  miles  west  from 
this  locality  the  Kanawha  black  flint  appears,  just  over  the  Brook  ville 
coal  bed  and  under  the  great  mass  of  sandstone.  In  western  Nicholas, 
the  Flint  is  8  feet  thick  and  10  feet  above  the  Brookville,  which  is  triple, 
two  of  the  benches  being  splint.  From  this  locality.  Doctor  White  has 
followed  the  Brookville  eastward  and  southward;  it  breaks  into  many 
benches  and  the  shale  partings  show  great  variations  in  thickness.     At 

Powell  mountain  in  this  county  the  section  is: 

Feet  Incbes 

1.  Massive  pebbly  sandstone 180  0 

2.  [Upper  Preeport]  coal  5  0 

3.  Concealed   5  0 

4.  Massive  sandstone 85  0 

5.  [Kittanning]  coal   Blossom 

6.  Sandstone,  shale 50  0 

7.  [Brookville]  coal,  Including  shale  10  feet 15  3 

At  this  Nicholas  locality  one  is  on  the  waters  of  Gauley  river,  along 
which  the  Brookville  coal  bed  is  seen  in  all  the  hills  to  the  Kanawha 
river,  in  Fayette  county,  where  one  has  this  section  at  the  mouth  of  Arm- 
strong creek: 

Feet  Inches 

1.  Massive  sandstone  80  0 

2.  Shale   10  0 

3.  Number  5,  block  [Kittanning]  coal 5  4 

4.  Concealed  5  0 

5.  Massive  sandstone  65  0 

6.  Ck>uceaied   5  0 

7.  Kanawha  black  flint 10  0 

8.  Shales,  concealed  12  0 

9.  [Brookville]  coal  3  6 

Number  9  is  the  Stockton  coal  bed  of  the  Kanawha  region.  The  exact 
relations  of  the  "Number  5"  coal  bed  can  not  be  determined.  The  in- 
terval between  it  and  the  Stockton  shows  great  variation  along  the  Ka- 
nawha, but  the  bed  is  characteristic  throughout,  its  coal  differing  from 
that  of  any  other  bed  in  the  section.  It  is  apparently  the  intermediate 
bed  occasionally  seen  farther  north  and  doubtless  represents  a  Kittanning 
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horizon.    The  Flint  holds  the  place  of  the  limestone  seen  in  Barbour 
county.* 

Ketuming  now  to  Barbour  county  at  the  north,  another  line  may  be 
followed  to  the  Kanawha  river  at  Charleston. 

At  many  places  along  the  Valley  river  as  well  as  in  the  Roaring  Creek 
region,  one  finds  at  10  to  25  feet  below  the  main  Brookville  another 
bench  resembling  the  main  coal  in  structure,  but  usually  of  inferior 
quality. 

The  Brookville  (Arden,  Roaring  Creek)  coal  bed  is  mined  at  many 
localities  in  Barbour,  Upshur,  and  Randolph  counties,  in  what  is  known 
as  the  Roaring  Creek  field,  where  it  usually  yields,  after  removal  of  part- 
ings, about  7  feet  of  coal.  In  its  tendency  to  break  up  into  many 
benches  it  resembles  the  Upper  Freeport  of  southern  Pennsylvania  even 
more  than  it  does  the  Brookville  in  that  area,  and  this  resemblance,  added 
to  the  presence  of  the  great  overlying  sandstone,  led  Stevenson  into  the 
mischievous  error  of  correlating  this  bed  with  the  Upper  Freeport.  The 
variations  in  thickness  and  quality  are  extreme,  there  being  at  one  local- 
ity, according  to  Stevenson,  22  feet  of  shale  and  coal,  wholly  worthless, 
while  at  a  short  distance  away  the  bed  is  double  and  only  4  feet  6  inches 
thick.  Doctor  White's  sections  show  it  in  this  area  10  feet  or  less  above 
the  Roaring  Creek  (Pottsville)  sandstone  and  underlying  a  uiassive 
pebbly  sandstone  often  unbroken  for  60  feet. 

The  Buckhannon  enters  Valley  river  at  about  5  miles  south  from 
Philippi.  In  ascending  this  stream  one  goes  southwest  for  somewhat 
more  than  5  miles  and  the  Brookville  coal  bed  remains  above  water  level; 
but  at  the  Barbour-Upshur  line  the  direction  is  changed  to  west  and  the 
coal  goes  under  quickly,  so  that  at  Buckhannon,  12  or  13  miles  south- 
west from  Philippi,  it  is  thought  by  Doctor  White  to  Ije  not  less  than  300 
feet  under  the  stream's  bed.  Southward  from  that  place  it  rises  rapidly, 
and  at  Cutrights,  where  it  is  thought  to  be  about  80  feet  under  the  river, 
the  exposed  section  is: 

Feet 

1.  Sillcious  lIme8tone 5 

2.  Conceuled,  red  shale 70 

3.  Massive  Bandstoue  30 

4.  Coa]   Blossom 

5.  Marly  shale,  concealed ; . . . .     33 

6.  Massive  sandstone 25 

7.  Ck>ncealed  50 

8.  Coal   3 

0.  Fireclay  and  shale 6 

10.  Massive  sandstone 30 

11.  Concealed  to  stream  25 

•  I.  C.  White :  Geology  of  West  Virglnld.  vol.  U,  pp.  363-860,  368-369,  870-371,  469. 
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A  thin  coal  bed  is  reported  here  just  below  the  section  in  the  river  bed. 
The  coal  bed,  number  8,  is  between  140  and  150  feet  above  the  Brook- 
ville ;  it  comes  down  to  the  railroad  grade  within  a  short  distance,  where 
it  underlies  a  black  shale  filled  with  marine  fossils.  As  the  coal  bed  is 
in  the  place  of  the  Upper  Preeport,  this  is  evidently  the  UflSngton  shale 
of  the  Morgantown  region.  At  Sago,  7  miles  south  from  Buckhannon, 
the  Brookville  comes  up,  4  feet  6  inches  thick  and  10  feet  above  the  mass- 
ive Roaring  Creek  sandstone;  but  at  3  miles  farther  south  the  bed 
is  double,  the  upper  part,  more  than  c3  feet  thick,  being  largely  cannel 
shale,  while  the  lower  portion,  11  feet  11  inches  thick,  is  in  8  layers  of 
coal  and  shale  and  still  only  10  feet  above  the  sandstone.  Here  the 
Upper  Freeport  is  150  feet  above  the  Brookville,  4  feet  2  inches  thick 
and  in  5  benches  of  coal  and  slaty  coal.  It  overlies  a  massive  sandstone, 
but  the  interval  to  the  Brookville  is  mostly  concealed.  At  Alexander,  15 
miles  south  from  Buckhannon,  the  Brookville  is  far  up  in  the  hills,  13 
feet  thick  and  10  feet  above  the  Roaring  Creek  sandstone,  with  another 
massive  pebbly  sandstone,  60  feet  thick,  beginning  at  6  feet  above  it. 
The  most  remarkable  feature  in  this  whole  region  is  the  uniformity  of 
the  interval  between  the  Brookville  and  Roaring  Creek  sandstone,  which 
varies  little  from  10  feet  in  an  area  of  more  than  a  thousand  square 
miles. 

On  the  east  side  of  Lewis  county,  about  6  miles  west  from  Buckhannon, 
a  well  record  is  given  by  Doctor  White  on  the  authority  of  Mr  F.  H. 
Oliphant.  This  shows  the  great  sandstone  overlying  the  Brookville  80 
feet  thick,  but  divided  midway  by  20  feet  of  shale,  a  breaking  up  in  the 
westerly  direction,  which,  as  will  be  seen,  becomes  so  marked  that  this, 
like  the  other  sandstones  of  the  whole  section,  can  be  traced  with  little 
certainty.  The  coal  bed,  12  feet  thick,  is  said  to  be  775  feet  below  the 
Pittsburg,  and  no  higher  coal  is  noted  in  the  record.  Near  Ireland,  in 
southern  Lewis,  and  about  12  miles  west  from  Alexander,  in  southern 
Upshur,  a  section  and  boring  combined  show  coal  3  feet  5  inches  at  612, 
a  thin  coal  at  697,  and  a  third,  not  measured,  at  721  feet  below  the  Pitts- 
burg. The  highest  bed  is  evidently  the  Lower  Freeport,  and  the  interval 
would  place  the  lowest  at  the  Brookville  horizon,  though  the  distance  to 
the  Pittsburg  is  about  50  feet  less  than  that  assigned  farther  north.  At 
a  few  miles  south  the  Brookville  is  exposed,  13  feet  thick,  with  a  sandy 
parting  which  occasionally  becomos  8  feet  of  sandstone.  The  coal  above 
is  soft,  but  that  below  the  parting  is  splinty.  Many  well  records  exist 
for  Lewis  county,  but  for  the  most  part  they  are  incomplete,  noting  only 
the  sandstones. 
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Passing  over  into  Braxton  county,  west  from  Webster  and  southwest 
from  Lewis,  one  finds  at  5  miles  east  from  Sutton  the  Upper  Freeport 
(Mason)  coal  150  feet  above  the  Brookville,  22  to  24  inches  thick  and 
underlying  3  feet  of  dark  plant-bearing  shales  on  which  rests  a  3-inch 
cod  bed.  It  is  160  feet  telow  the  first  red  bed.  This  interval  of  140 
to  150  feet  between  Upper  Freeport  and  Brookville  prevails  in  most  of 
this  area  of  Upshur,  Lewis,  Webster,  and  Braxton  counties,  though  occa- 
sionally it  is  a  little  less,  as  Doctor  Wliite's  section  in  western  Webster, 

near  the  Braxton  line,  shows : 

Feet 

1.  Cioncealed  and  deep  red  shale 40 

2.  Ck>ncealed,  massive  sandstone 140 

3.  [Upper  Freeport]  coal  bed 2 

4.  Concealed,  massive  sandstone,  pebbly 130 

5.  Dark  shale 5 

a  [Brookville]  coal  bed 10 

7.  Concealed,  massive  sandstone 160 

Here  the  Brookville  shows  the  sandstone  parting  3  feet  thick,  and  the 
coal  of  both  divisions  is  poor.  The  great  sandstone  mass,  Charleston  of 
Campbell,  is  well  marked  thus  far  west.  The  Brookville  passes  under 
Elk  river  2%  miles  from  Sutton,  and,  just  before  passing  imder,  it 
apparently  breaks  up  as  it  does  farther  norths  the  section  being 

Feet  Inches 

Goal   0  0  to  10-12 

Interval  ;  30  0 

Coal    3  to    2  6 

and  the  lower  division  is  splinty.  The  bed  shows  much  variation  in  a 
little  area  of  a  few  square  miles,  but  remains  comparatively  thin,  seldom 
exceeding  5  feet.  At  a  mile  and  a  half  below  Sutton  the  coal  is  160  feet 
below  the  surface,  6  feet  thick,  underlying  the  massive  white  sandstone 
80  feet  thick  and  resting  on  the  Pottsville  sandstone,  which  is  contin- 
uous for  280  feet.  The  Upper  Freeport  is  below  the  surface  here.  At 
5  or  6  miles  below  Sutton,  near  Frametown,  in  southern  Braxton,  a  coal 
2  feet  6  inches  is  present  at  550  or  possibly  600  feet  below  the  Pittsburg, 
140  feet  below  the  lowest  red  bed  of  the  Concmaugh  and  just  above  a 
massive  sandstone ;  it  is  evidently  the  Upper  Freeport.  At  many  places 
in  Braxton  and  Lewis  the  Upper  Freeport  is  overlain  by  dark  shale  carry- 
ing great  numbers  of  plant  impressions. 

Thus  far  the  tracing  of  the  section  has  been  comparatively  simple. 
The  thickness  of  the  Allegheny  decreased  from  250  feet  near  the  Penn- 
sylvania line  to  barely  176  feet  in  southern  Taylor  county;  thence  to 
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southern  Braxton  it  has  varied  from  160  to  165.  In  much  of  the  area 
the  Upper  Freeport  has  been  accompanied  by  its  plant-bearing  shales 
and  in  most  of  the  area  the  interval  to  the  Brookville  coal  bed  has  been 
occupied  by  sandstone;  whether  or  not  an  intermediate  coal  bed  is  per- 
sistent is  uncertain;  it  is  wanting  in  the  well  records. 

For  a  distance  of  about  16  miles  from  Frametown  no  sections  are 
available,  but  at  Clay  Courthouse,  in  Clay  county,  southwest  from  Brax- 
ton and  northwest  from  Nicholas,  is  a  section  by  Doctor  White,  thus : 

Feet 

1.  Ck>iicealed  with  much  red  shale 90 

2.  Coarse  pebbly  sandstone  60 

3.  Concealed,  shales,  some  red 100 

4.  Massive  sandstone,  large  quartz  pebbles 60 

5.  Concealed  and  sandy  shales 130 

6.  Coal  bed 2  to        3 

7.  Fireclay,  shale  10 

8.  Sandstone,  massive,  pebbly 90 

9.  Concealed  and  sandstone   160 

10.  Black  shale  and  thin  coal 3 

11.  Massive  sandstone  and  concealed 100 

As  Number  10  is  just  below  the  Black  Flint,  it  is  at  the  Brookville- 
Stockton  horizon.  The  interval  between  this  bed  and  Number  6  is  too 
great,  the  measurements  having  been  made  without  regard  to  the  dip, 
and  the  thickness  is  probably  nearer  to  230  feet.  This  is  90  feet  more 
than  the  interval  between  the  Brookville  and  Upper  Freeport  at  12  miles 
eastward  in  northern  Nicholas.  Associated  with  the  upper  bed  are 
plant-bearing  shales,  from  which  were  obtained  the  specimens  discussc^d 
by  Mr  David  White,  who  referred  them  to  the  Freeport  horizon.  The 
Brookville  is  much  degraded  at  Clay,  being  merely  black  shale  with 
streaks  of  coal. 

Five  miles  below  Clay,  near  Yankee  Dam,  the  upper  coal  bed  is  3  feet 
4  inches  thick  and  310  feet  above  the  Coalburg  coal  bed,  somewhat  less 
than  at  Clay,  where  the  interval  is  about  330  feet.  This,  if  the  interval 
between  the  lower  coals  remain  the  same,  would  place  the  upper  bed  at 
about  210  feet  above  the  Brookville-Stockton.  The  Upper  Freepwrt 
here  is  150  feet  below  the  top  of  a  great  pebbly  sandstone  on  which  rest 
reddish  shales  succeeded  by  deep  red  beds. 

According  to  Doctor  White,  this  bed  is  traceable  in  the  river  hills 
from  the  Yankee  Dam  locality  to  and  beyond  Queens  shoals;  at  thai 
place,  10  miles  west  from  Clay,  the  coal  is  175  feet  above  the  Black 
Flint,  with  200  feet  of  mostly  massive  pebbly  sandstone  intervening  be- 
tween it  and  the  first  red  beds  of  the  Conemaugh,  which  are  410  feet 
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above  the  flint:  The  Stockton  coal  bed  appears  2  miles  farther  up  the 
river  at  7  feet  below  the  flint  which  is  in  the  river  bed  at  the  shoals.  At 
Clendenin,  5  miles  below  the  shoals,  the  upper  bed  is  mined  at  the 
water's  edge,  and  it  soon  goes  under,  to  come  up  again  at  5  or  6  miles 
from  Charleston,  where  it  is  rained  at  the  Graham  mines  near  Mason. 
On  Two-mile  creek,  near  Charleston,  Doctor  White's  section  is : 

Feet 

1.  Sandstone  and  concealed 85 

2.  Sandstone,  massive,  i^ebbly 75 

3.  Mason  coal  bed 2 

4.  Shales   10 

5.  Sandstone,  coal  near  middle 120 

a  Shales   10 

7.  Black  flint  5 

a  Shale 2 

0.  Stockton  coal  bed 

The  Mason  coal  bed  is  that  mined  at  Mason,  Clendenin,  and  Queens 
shoals,  the  interval  to  the  Flint  having  decreased  35  feet  from  the  last 
place.  At  all  of  these  localities  it  underlies  a  lied  of  shale  rich  in  fossil 
plants  which  have  been  studied  by  Mr  David  White.  Comparison  of  the 
flora  from  this  bed  with  that  obtained  at  Clay  leads  him  to  regard  the 
beds  as  at  different  horizons,  the  bed  at  Clay  being  Freeport  and  that  at 
Queens  shoals  nearer  to  the.  Kittanning.  Mr  M.  R.  Campbell  comes  to 
the  same  conclusion  on  stratigraphical  grounds.  Detailed  sections  be- 
tween Clay  and  Queens  shoals  are  unpublished;  lacking  those,  one  may 
make  use  only  of  such  material  as  is  available.  The  interval  from  Upper 
Freeport  to  Brookville  evidently  decreases  westward  from  Clay,  losing 
20  feet  in  5  miles ;  at  Queens  shoals,  5  miles  farther,  the  interval  between 
the  upper  coal  and  the  Brookville  is  about  187  feet,  23  feet  less  than 
below  Yankee  Dam,  while  at  Charleston,  somewhat  more  than  20  miles 
southwest  from  Queens  shoals,  the  interval  is  but  147  feet.  As  will  be 
seen  in  succeeding  paragraphs,  the  interval  between  this  Mason  coal  bed 
and  the  Brookville  shows  much  variation  along  the  Kanawha  southeast 
from  Charleston.* 

Ascending  the  Kanawha  river  from  Charleston,  one  finds  the  interval 
between  the  Mason  and  Brookville-Stockton  increasing  from  135  feet  at 
Porters  run  to  198  feet  at  Witchers  run,  14  miles  southeast.  The  inter- 
mediate coal,  noted  in  the  Two-mile  section  and  known  as  the  "Number 
0,  block,''  is  very  thin  and  only  its  blossom  has  been  seen  thus  far,  but  at 
North  Coalburg,  2  miles  farther  up  the  river,  it  is  3  feet  10  inches  thick, 

•  David  White :  Bull.  Geol.  Soc.  Am.,  vol.  11.  pp.  171-173. 
M.  B.  Campbell :  Jour,  of  Geol.,  vol.  zi,  pp.  462,  465,  467. 
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90  feet  below  the  Mason  and  66  feet  above  the  flint.  The  Stockton  is 
concealed  here,  but  at  Coalburg  the  coals  are  all  shown  and  the  interval 
from  Mason  to  Stockton  is  186  feet.  The  "Block'*  is  mined  at  a  number 
of  places  farther  up  the  river  at  41  to  76  feet  above  the  flint,  but  no 
higher  bed  is  exposed  until  near  the  Fayette  County  line,  where,  at  lock 
number  3,  a  bed  supposed  to  be  the  Mason  is  at  206  feet  above  the  flint, 
40  feet  more  than  at  Coalburg  and  76  feet  more  than  at  Porters  run,  near 
Charleston.  Whether  this  be  the  Mason  or  not  can  not  be  determined, 
intermediate  measurements  being  wanting. 

At  Coalburg  the  Mason  is  accompanied  by  its  plant  bed.  The  coal  is 
insignificant  near  the  eastern  outcrop,  but  it  becomes  17  feet  thick,  part- 
ings included,  near  Coalburg,  whence  northwestward  it  decreases  so  as  to 
become  insignificant  as  it  approaches  Charleston,  though,  as  already  seen, 
it  becomes  economically  important  along  Elk  river,  northeast  from  that 
city.  The  "Block"  is  a  valuable  bed  on  the  upper  Kanawha,  yielding  an 
excellent  open-burning  coal  coming  out  in  blocks.  The  thickness  of  this 
part  of  the  bed  near  the  Fayette  border  is  from  6  to  6  feet;  down  the 
river,  however,  the  thickness  decreases,  and  at  Coalburg  it  is  2  to  3  feet, 
but  retaining  its  "blocky"  feature;  thence  it  quickly  diminishes,  and 
near  Charleston  it  is  only  a  few  inches  and  is  often  wanting,  cut  out  by 
the  sandstone.  A  thin  coal  bed  occurs  at  some  places  just  above  the 
flint,  but  it  appears  to  be  absent  at  Charleston.  The  flint  varies  from 
6  to  10  feet;  changes  from  tough  typical  flint  to  silicious  shale  and 
usually  is  fossiliferous,  as  is  also  the  shale  associated  wtih  it.  The  in- 
terval to  the  Stockton-Brookville  coal  bed  is  from  nothing  to  18  feet. 
This  bed  is  so  irregular  that  it  is  of  uncertain  value  economically.  One 
of  its  partings  thickens  at  times  so  as  to  separate  the  divisions  into  two 
distinct  beds,  and  the  parts  are  known  as  the  Stockton  and  Lewiston. 
At  times  one  or  the  other  of  the  divisions  is  wanting.  The  coal  varies 
from  splint  to  cannel,  but  usually  one  finds  some  layers  of  soft  coal. 

The  Charleston  sandstone  of  Mr  Campbell  includes  the  great  mass  of 
sandstones  succeeding  the  flint  along  the  Kanawha  and  its  tributaries. 
It  is  the  "series  of  coarse  sandy  or  conglomeratic  beds  which  separates 
the  Kanawha  formation  from  the  red  and  green  shales  and  green  sand- 
stones of  the  formation  next  above."  The  Kanawha  formation  has  the 
flint  as  its  upper  boundary;  the  formation  above  the  Charleston  sand- 
stone is  termed  Braxton  by  Mr  Campbell.  The  sandstone,  made  up  of 
beds  of  coarse  material  separated  by  shales  and  coal  beds,  is  about  300 
feet  thick  at  Charleston,  but  farther  south  on  Coal  river,  in  Boone 
county,  it  is  about  400.    At  a  little  way  northwest  from  Charleston  it  is 
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at  least  406  feet,  but  near  Winfield,  in  Putnam  county,  it  is  apparently 
only  175  feet.* 

This  great  mass  of  sandstone,  coarse  and  in  many  portions  pebbly  and 
marking  the  eastern  border  of  the  field,  includes  not  merely  the  Alle- 
gheny but  also  the  lower  part  of  the  Conemaugh.  It  is  in  a  narrow  strip, 
with  a  width  of  not  far  from  25  miles  in  a  northwesterly  direction.  It  is 
not  characteristic  of  the  Pennsylvania  and  Maryland  area  east  from  the 
Alleghanies;  it  is  not  found  in  the  southward  continuation  of  the  First 
Pennsylvania  bituminous  basin  until  one  reaches  Randolph  county, 
though  suggestions  of  it  occur  farther  north ;  thence  to  the  Kanawha  the 
sandstone  appears  in  increasing  quantity  and  coarseness,  so  that  the 
several  sandstones  which  have  been  recognized  and  named  in  the  northern 
portion  of  the  field  become  practically  continuous.  The  great  mass  and 
coarseness  of  these  beds  in  Webster,  Braxton,  Nicholas,  Clay,  and  Ka- 
nawha counties  of  West  Virginia  suggest  that  the  shoreline  at  the  east 
suddenly  extended  westward  near  the  latitude  of  southern  Barbour 
county.  Southwestwardly  from  the  Kanawha  this  mass  of  sandstone  can 
be  traced  to  the  Kentucky  line  across  Boone,  Logan,  Wyoming,  and  Mingo 
counties.  Northwestwardly  from  the  narrow  strip  referred  to,  the  mass 
breaks  up  quickly,  shales  increase,  and  the  several  divisions,  as  is  ordi- 
narily the  case  with  sandstones,  become  traceable  with  little  certainty; 
but  locally  one  finds  most  unexpectedly  conditions  which  are  recalled  by 
Mr  CampbelFs  description  of  the  Charleston  sandstone. 

It  is  necessary  now  to  return  to  the  Pennsylvania  line,  that  the  section 
may  be  traced  southward  under  the  western  counties  of  the  state  to  the 
line  of  the  Chesapeake  and  Ohio  railroad — a  task  of  no  little  difficulty, 
as  the  key  rocks  disappear,  and  the  coal  beds  which  were  formed  only 
around  the  borders  of  the  field  soon  thin  out.  The  sole  dependence  in 
most  of  this  area  must  be  upon  the  records  of  borings  which  have  been 
published  in  the  Geology  of  We§t  Virginia. 

Beginning  with  the  measurements  at  Morgantown,  one  has  the  follow- 
ing approximate  intervals  from  the  Pittsburg  coal  bed: 

Feet 

Upper  Freeport  coal  bed 560 

Lower  Freeport  coal  bed  625 

Upper  Kittanning  coal  bed 670 

Lower  KIttanning  coal  bed 705 

Kittanning  sandstone,  top 780 

KIttanning  sandstone,  bottom  785 

Brookvllle  coal  bed 785 

Pottsvine  sandstone 805 

•  M.  B.  Campbell :  U.  8.  Oeol.  Surrey  folios,  Cbarleston,  p.  5. 
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As  the  sandstones  of  the  Pottsville  are  as  variable  as  those  of  any  other 
formation,  the  bottom  of  the  Allegheny,  for  comparison,  must  be  taken 
as  the  Brookville  coal  bed. 

Ten  miles  northwest  from  Morgantown  a  record  shows  the  Upper 
Preeport,  Upper  Kittanning,  and  the  bottom  of  .the  Kittanning  sand- 
stone as  at  Morgantown,  and  the  sandstone  in  the  Pottsville  is  at  820, 
though  in  a  neighboring  well  it  is  at  792,  having  thickened  at  the  ex- 
pense of  the  overlying  shale.  Ten  miles  southwest,  near  Pairview,  in 
Marion  county,  the  Upper  Freeport  is  ill  defined  in  a  mass  of  coal  and 
shale  beginning  at  656 ;  no  other  coal  is  reported.  Another  record  here 
shows  a  great  sandstone  beginning  at  565  and  continuing  to  761  with 
only  two  breaks  of  shale,  28  and  17  feet  respectively.  No  coal  whatever 
is  noted  in  this  record  except  a  thin  bed  at  806  feet  below  the  Pittsburg 
and  11  feet  above  the  first  sandstone  in  the  Pottsville.  Eight  miles 
southwest  from  Fairview,  at  Mannington,  the  Hamilton  well  shows 
sandy  rocks  prevailing  in  the  Allegheny  and  has  apparently  the  same 
coal  horizon  at  824,  which  is  too  low  for  the  Brookville,  unless  there  be  a 
local  thickening  of  the  section.  The  sandstones  vary  greatly.  Within 
3  or  4  miles  of  Mannington,  southwest  and  west,  a  sandstone,  116  to  177 
feet  thick,  begins  at  647  to  682  and  ends  at  791  to  804 ;  but  in  one  well  it 
begins  at  603  and  ends  at  913,  while  in  another  no  sandstone  appears 
between  491  and  728,  whence  it  is  continuous  to  858.  Farther  west  the 
mass  is  less,  beginning  at  685  to  696  and  ending  at  742  to  765,  but  a 
lower  sandstone  begins  at  785.  Three  or  four  miles  northwest  from 
Mannington  the  variations  are  more  notable,  wells  on  a  single  farm  show- 
ing the  upper  sandstone  30  to  170  feet  thick  and  beginning  at  623  to  650, 
while  the  lower  sandstone  is  found  in  only  one  well  extending  from  742 
to  867.  Farther  west  and  northwest  sandstone  predominates  in  the 
Allegheny,  and  the  bottom  of  the  formation  is  not  far  from  760  feet 
below  the  Pittsburg,  including  in  this  tjie  shales  and  clays  underlying 
the  place  of  the  Brookville.  The  Mahoning  interval  is  indefinite  and  no 
trace  of  the  Freeport  coals  exists,  so  that  the  boundary  between  Allegheny 
and  Conemaugh  can  be  fixed  only  approximately.  The  latter  formation 
is  not  far  from  540  feet  thick.  The  only  coal  appearing  in  any  of  the 
records  is  one  at  672  in  a  well  near  Joetown,  in  western  Marion — very 
near  the  place  of  the  Ijower  Kittanning.  This  horizon  is  occupied  by 
sandstone  in  most  of  the  records. 

Wetzel  county  is  west  from  Monongalia  and  Marion.  As  one  passes 
into  this  county  he  enters  the  area  in  which  the  section  of  Allegheny  and 
Conemaugh  shortens. 


AlLfiiGHEl^Y  FOUMATlON  IN  WfiST  VlRGtNlA  143 

Xear  Brink,  on  the  Marion  line,  the  Butler  sandstone  is  present  at 
565,  and  another  begins  at  720,  which  passes  down  into  the  Pottsville. 
Five  or  six  miles  northward,  in  the  northeast  comer  of  the  county,  the 
section  varies  abundantly ;  in  one  well  sandstone  begins  in  the  Conemaugh 
at  446  and  is  continuous  to  911  feet  below  the  Pittsburg — ^a  condition 
rery  similar  to  that  in  many  wells  within  the  adjoining  county  of 
Marshall,  at  the  north,  as  well  as  in  some  portions  of  Greene  county, 
Pennsylvania,  and  along  the  southeast  outcrop  toward  the  Kanawha ;  but 
in  a  well  near  the  last  this  sandstone  is  broken  by  shale  at  546  and  763, 
while  in  three  others  there  is  no  sandstone  whatever  in  the  Allegheny. 
The  extreme  bottom  of  the  Allegheny  here  can  not  be  more  than  770  feet ; 
but  the  interval  is  less  westward,  for  at  Silver  hill,  10  miles  away,  on  the 
Marshall  line,  the  Lower  Freeport  coal  bed  is  only  575  feet  below  the 
Pittsburg,  and  the  first  sandstone  in  the  Pottsville  begins  at  762.  West- 
ward the  section  shortens  and  the  interval  from  Pittsburg  to  the  first 
sandstone  of  the  Pottsville  decreases  from  752  to  714  feet,  the  last  near 
the  Ohio  river.  In  the  central  part  of  the  county  the  sandstones  are  so 
variable  that  correlation  is  impossible  and  in  many  of  the  records  the 
Allegheny  and  Pottsville  are  practically  all  shale.  No  coal  is  reported 
in  any  of  the  records,  vhich  are  very  numerous.* 

Tyler  county  is  south  from  Wetzel,  along  the  Ohio  river.  A  detailed 
record  is  given  at  Wick,  a  few  miles  east  from  the  Ohio  river,  which 
shows  a  great  sandstone  beginning  at  539  feet  below  the  Pittsburg  and 
continuing  for  135  feet ;  it  is  separated  from  the  Pottsville  sandstone  by 
30  feet  of  shale,  holding  at  its  base  a  trace  of  the  Brookville  coal  bed 
resting  on  the  Pottsville  sandstone  at  704  feet.  This  shale  and  its  coal 
have  been  replaced  in  many  places,  for  midway  in  the  county  and  south- 
westward  sandstone  prevails.  At  Middlel)oume  there  is  sandstone  from 
537  to  957;  in  other  localities  it  begins  at  490,  514,  550,  595,  600,  602, 
and  is  from  200  to  40*0  feet  thick,  always  replacing  the  Brookville  horizon 
except  at  Sistersville,  where  it  ends  at  685,  but  no  record  of  the  under- 
lying rock  is  given.  On  the  southeast,  or  Doddridge  County  side,  the 
sandstones  are  ordinarily  less  conspicuous,  though  one  record  shows  a 
bed  extending  from  581  to  896  feet  below  the  Pittsburg.  No  trace  of 
coal,  aside  from  that  of  the  Brookville,  appears  in  any  of  the  records. 

Pleasants  county,  north  from  Ritchie,  is  west  from  Tyler,  and,  like 
that  county,  adjoins  Washington  county  of  Ohio. 

Xo  coal  is  noted  in  any  of  the  numerous  records  available  for  this 

*  I.  C.  White :  Geology  of  West  Virginia,  Monongalia,  vol.  1,  pp.  239-240 ;  vol.  lo«  pp. 
150-157;  Marion,  vol.  1,  pp.  241-242,  246,  346,  348;  vol.  lo,  pp.  161-162,  164,  174-176; 
Wetiel,  TOl.  1.  pp.  343-346 ;  toI.  la,  pp.  177-189,  200-203,  212-213. 
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county,  but  in  Ohio,  on  Cowrun,  a  few  miles  west,  the  Brookville  coal 
bed  is  present  at  701  feet  below  the  Tittsburg.  The  sandstones  are  un- 
important on  the  westerly  side,  but  a  detailed  record  in  the  central  part 
of  the  county  shows  a  sandstone  70  feet  thick  beginning  at  515  and  an- 
other at  645  extending  to  735  and  cutting  out  the  Brookville  horizon.* 

Returning  to  the  east,  one  may  follow  the  section  across  Harrison, 
Doddridge,  Ritchie,  and  Wood  counties  to  the  Ohio  river. 

Near  Flemington,  in  Taylor  county,  5  miles  west  from  Webster,  in  the 
same  county,  the  Lower  Freeport  is  at  590  feet  below  the  Pittsburg,  and 
the  Brookville  is  at  750  feet,  with  probably  the  Lower  Eittanning  at  711, 
The  combined  Mahoning-Butler  sandstones  are  113  feet,  cutting  out  the 
Upper  Freeport.  The  only  other  sandstones  are  31  and  21  feet  thick, 
the  latter  at  the  Clarion  horizon  above  the  Brookville ;  but  at  Clarksburg, 
in  Harrison  county,  10  miles  farther  west,  the  succession  as  shown  by  a 
boring  is : 

1.  Pittsburg  coal  bed 

2.  Interval  421 

8.  Mahoning  sandstone  S4 

4.  Shale   35 

5.  Upper  Freeport  coal  bed 3 

C.  Slate    27 

7.  Sandstone  145 

8.  Slate 20 

9.  [Brookville]  coal  bed 2 

10.  Slate    36 

11.  Sandstone  87 

Here  the  interval  from  Upper  Freeport  to  the  Brookville  is  192  feet 
and  the  lower  bed  is  at  737  feet  below  the  Pittsburg.  The  sandstone. 
Number  11,  is  in  the  Pottsville.  The  notable  change  is  in  the  appear- 
ance of  the  sandstone  Number  7,  which  is  almost  wanting  at  the  east  in 
the  sections  near  Flemington  and  at  Webster.  Ten  miles  west  of  south 
from  Clarksburg  no  sandstone  appears  until  750  feet  below  the  Pittsburg, 
where  the  Pottsville  begins.  The  only  coal  bed  recorded  is  at  600,  which 
can  hardly  be  correlated.  In  the  northwest  comer  of  the  county,  9  or  10 
miles  southwest  from  Mannington,  no  coal  is  reported;  a  sandstone  110 
feet  thick  begins  at  492  feet  below  the  Pittsburg,  cutting  out  the  Free- 
port  coal  horizons,  and  another  begins  at  702,  which  continues  into  the 
Pottsville.  At  Browns  mills,  4  miles  southwest  and  8  miles  northwest 
from  Clarksburg,  the  upper  sandstone  is  present,  ending  at  592,  but 
below  it  are  only  "slate  and  shells"  for  300  feet.     Cherry  Camp  is  7  miles 

•  I.  C.  White :  <;eoIoKj  of  Went  Virginia ;  Tyler,  vol.  ia.  pp.  242.  248.  253,  266»  266  i 
vol.  il.  p.  391 ;  Pleasants,  vol.  \a,  pp.  260.  270-271.  273-274. 
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south  from  Browns  mills  and  10  miles  west  from  Clarksburg.  The  only 
sandstone  recorded  there  is  80  feet  thick  and  begins  at  642  feet  below  the 
Pittsburg.  It  is  clearly  the  lower  part  of  the  sandstone  at  Clarksburg, 
which  ends  at  716  feet.  The  first  sandstone  in  the  Pottsville  is  at  822 
feet  below  the  Pittsburg. 

Doddridge  county,  west  from  Harrison,  is  southeast  from  Tyler.  In 
the  northeast  comer,  near  Center  Point,  10  miles  west  from  Browns 
mills,  in  Harrison,  and  10  miles  south  from  Smithfield,  in  Wetzel,  a  de- 
tailed record  shows  no  trace  of  coal,  but  a  sandstone  150  feet  thick  begins 
at  615  feet  and  ends  at  765,  so  passing  beyond  the  Brookville  horizon. 
Xo  trace  of  coal  is  noted  in  any  record  within  northern  Doddridge ;  even 
black  shale  seems  to  be  wholly  absent.  Sandstone  is  unimportant  for  the 
most  part  near  the  Harrison  border  and  equally  so  on  the  Tyler  border. 
The  records  are  dreary  lists  of  slate  and  'limestone." 

Long  Run  is  10  miles  south  from  Center  Point  and  8  miles  west  from 
Cherry  Camp.  A  coal  bed  is  here  at  652  feet  below  the  Pittsburg,  a  Kit- 
tanning  horizon,  and  a  sandstone  45  feet  thick  begins  at  688 ;  it  is  sepa- 
rated by  10  feet  of  shale  from  another  sandstone  beginning  at  743  feet. 
The  intervening  shale  is  at  the  Brookville  horizon.  A  higher  sandstone, 
544  to  589,  represents  the  Butler  interval.  In  southern  Doddridge  the 
sands  vary  greatly,  but  that  above  the  place  of  the  Brookville  is  usually 
represented  to  some  extent.  Coals  are  absent  from  both  Allegheny  and 
Conemaugh  in  this  portion  of  the  county,  but  it  is  possible  that  a  4-foot 
coal  bed  at  15  feet  above  the  "Salt  sand,"  in  the  southwest  comer,  may 
be  the  Brookville.* 

Ritchie  county,  west  from  Doddridge,  is  south  from  Tyler  and 
Pleasants. 

The  Pittsburg  coal  bed  is  of  uncertain  occurrence  in  most  of  this 
county,  being  recognized  only  in  the  eastern  portion,  where,  however,  it 
is  wanting  in  many  places.  Its  horizon  can  be  fixed  very  closely  by 
means  of  the  Ix)gan  ("Big  Injun")  sandstone  below  and  the  Washington 
coal  bed  above  in  the  Dunkard  formation. 

At  Tollgate,  on  the  eastern  edge  of  the  county,  a  sandstone  at  the 
Butler  horizon  is  from  480  to  545  feet  below  the  Pittsburg,  the  Mahon- 
ing sandstone  ending  at  470  feet.  Shales  only  are  below  into  the  Potts- 
ville and  no  trace  of  coal  is  recorded.  One  mile  west  a  sandstone  is  re- 
ported as  beginning  at  691  feet  and  continuing  into  the  Pottsville.  At 
10  miles  west,  in  the  Whiskey  Run  district,  several  detailed  records  are 
available,  one  of  which  shows  the  Pittsburg  coal  bed.     The  Mahoning 

•  Geology  of  West  Virginia :  Harrison,  vol.  1.  pp.  248,  251 ;  vol.  lo,  pp.  317-318,  328- 
329,  335. 

XIII — Bull.  Geol.  Soc.  Am.,  Vol.  17.  1905 
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interval  is  filled  with  red  shale  which  extends  downward  into  the  Alle- 
gheny, ending  at  565  feet.  No  sandstone  is  here,  bnt  a  coal  bed  is  re- 
ported at  T55  feet  below  the  Pittsburg,  which  seems  to  be  too  low  for  the 
Brookville,  as  that  coal  is  at  737  feet  in  Harrison  county  far  toward  the 
east.  Near  Harrisonville,  about  9  miles  south  from  the  Whiskey  Run 
wells,  a  sandstone  105  to  95  feet  thick  begins  at  585  feet  below  the  as- 
sumed place  of  the  Pittsburg,  and  in  a  well  north  from  the  village  a  great 
mass  of  red  rock  ends  at  470,  reaching  possibly  into  the  Allegheny. 

In  the  eastern  part  of  the  county,  south  from  the  Baltimore  and  Ohio 
railroad,  the  sandstones  are  more  distinct,  the  bottom  of  the  Mahoning 
being  at  461  to  501  feet  below  the  Pittsburg.  The  first  sandstone  of  the 
Allegheny  begins  at  572  to  597  and  ends  at  603  to  673  feet,  while  a  lower 
sandstone  begins  at  719  and  is  continuous  into  the  Pottsville,  if,  indeed, 
it  be  not  wholly  in  the  Pottsville ;  but  a  well  shows  only  sandstone  from 
596  to  946  and  another  from  600  to  1,090  feet,  showing  the  condition 
already  observed  locally  in  other  counties.  No  Allegheny  coals  are  re- 
ported in  any  of  the  wells  within  the  eastern  part  of  the  county.  In  the 
western  part  of  the  county  the  sandstones  are  less  important,  most  of  the 
records  showing  only  shales  below  the  Mahoning  to  many  feet  down  in 
the  Pottsville ;  but  on  the  Wood  County  border  a  sandstone  appears  in  the 
lower  part  of  the  section,  extending  from  645  to  720  feet  below  the  Pitts- 
burg. Near  Cairo  red  shale  is  present  in  the  upper  part  of  the  Allegheny, 
one  well  showing  a  bed  of  15  feet  at  513  and  another  showing  13  feet 
at  524  feet  below  the  Pittsburg.  On  the  western  border  the  top  of  the 
Pottsville  is  approximately  735  feet  below  the  Pittsburg,  and  there  is  no 
evidence  of  coal  in  the  Allegheny  formation. 

Wood  county,  west  from  Ritchie,  Wirt,  and  Pleasants,  adjoins  Wash- 
ington and  Meigs  counties  of  Ohio.  The  Pittsburg  coal  bed  can  not  be 
i-ecognized  with  certainty  and  the  varying  thickness  of  the  Pottsville  and 
Lower  Carboniferous  render  the  "Big  Lime"  a  not  altogether  satis- 
factory  guide.  It  is  best  to  begin  at  the  north,  where  the  section  is  clear 
in  its  connection  with  Ohio. 

At  Marietta,  in  Washington  county,  Ohio,  the  Brookville  is  ^30  feel 
above  the  Berea  grit;  at  Parkersburg,  in  Wood  county.  West  Virginia,  it 
is  843 — a  very  close  agreement  in  view  of  the  fact  that  the  measurements 
were  made  by  cable  and  not  by  steel  tape.  No  other  trace  of  coal  appears 
at  Parkersburg.  At  this  place  the  Brookville  is  275  feet  below  the  top 
of  a  sandstone,  whose  upper  portion  is  in  the  Mahoning  interval,  thi& 
top  being  1,125  feet  above  the  Berea.  At  the  Hendershot  well,  in  northern 
Wood,  about  11  miles  south  from  Marietta  and  5  or  6  miles  east  fron\ 
Parkersburg,  the  top  of  this  sandstone  is  1,111  feet  above  the  Berea.   Tlie 
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top  of  the  "Salt  sand"  at  Marietta  is  805  feet  above  the  Berea,  but  at 
Henderehot  the  sandstone  extends  upward  to  916  feet,  cutting  out  tlie 
Brookville  horizon.  Southward  the  "Big  liime"  appears  and  the  Tjogan 
thickens,  so  that  the  intervals  to  the  Berea  are  increased  nearly  200  feet. 
The  Mahoning  sandstone  ends  at  465  feet  below  the  place  of  the  Pitts- 
burg coal  bed  and  only  shales  are  present  below  to  841  feet,  where  the 
first  great  sandstone  of  the  Pottsville  is  reached.  No  trace  of  the  Brook- 
ville or  other  coal  is  here,  but  three  red  beds,  25,  40,  and  25  feet  re- 
spectively, are  in  the  Allegheny,  the  bottom  of  the  lowest  being  650  feet 
below  the  assumed  place  of  the  Pittsburg.  It  is  possible  that  the  place 
of  that  coal  bed  has  been  placed  too  high,  and  tliat  it  may  belong  50 
feet  lower,  within  a  great  mass  of  red  shale,  in  which  case  the  first  of  the 
red  beds  would  be  in  the  Conemaugh.  At  a  little  distance  west  a  deep 
well  shows  sandstone  110  feet  beginning  at  553,  and  the  "Salt  sand'' 
begins  at  1,020,  with  an  intermediate  sand  at  713  feet;  this  is  at  the 
top  of  the  Pottsville,  and  the  higher  sandstone  is  one  which  in  part  or  in 
whole  is  followed  readily  in  much  of  Ohio  as  occupying  the  middle  of 
the  Allegheny.* 

Returning  to  the  east,  the  section  may  be  traced  across  the  remaining 
counties  to  the  Kanawha  river  and  the  Chesapeake  and  Ohio  railroad. 

At  Vadis,  on  the  Lewis-Gilmer  line,  a  detailed  section  shows  the  Ma- 
honing sandstone  ending  at  490  feet  below  the  Pittsburg  and  only  shales 
thence  to  715  feet,  where  begins  a  sandstone  83  feet  thick  and  evidently 
in  the  Pottsville.  The  condition  is  as  in  Harrison  county,  15  miles 
northwest.  Five  miles  southwest,  near  Troy,  in  Gilmer  county,  the  same 
condition  appears,  except  that  the  sandstone  in  the  Pottsville  begins  at 
T48  feet.  At  Glenville,  10  miles  southwest  from  Vadis,  the  Mahoning 
ends  at  534  and  sandstone  80  feet  thick  begins  at  660  feet,  reaching  into 
the  Pottsville.  Near  Stouts  mills,  8  miles  southeast  from  Glenville,  on 
the  Braxton  border,  the  succession  is  practically  all  sandstone  from  549 
to  949  feet  below  the  Pittsburg,  there  being  only  two  interruptions,  one 
of  25  feet  at  614  and  one  of  3  feet  at  7.74,  the  last  being  a  coal  bed  which 
is  too  low  for  the  Brookville;  but  at  8  miles  northward  shale  is  present 
for  110  feet  above  the  sandstone  at '777  feet,  while  above  the  shale  is  a 
continuous  sandstone  into  the  Conemaugh.  Three  or  four  miles  east 
in  Braxton  county  there,  are  only  two  thin  sandstones  in  the  Allegheny, 
and  a  coal  bed  in  the  upper  part  is  very  near  the  Lower  Freeport  horizon. 
At  Stumptown,  12  miles  southwest  from  Stouts  mills,  the  lower  half 
of  the  Allegheny  is  sandstone,  extending  to  715  feet  below  the  Pitts- 

•  G«QloKy  of  West  Virginia:  Ritchie,   vol.   1,  p.  318;  vol.   lo,  pp.  410,   412-413,  416, 
417-419,  420-422,  425-426,  431,  438-435,  439-440 ;  Wood,  vol.  i,  pp.  285,  287,  294-297. 
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burg,  very  near  the  place  of  the  Brookville  coal  bed.  In  southern  Gilmer 
a  record  at  Rosedale  shows  almost  no  sandstone.  At  Tanner,  8  miles 
west  from  Glenville,  the  sandstone  seen  at  the  latter  place  is  only  68 
feet  thick  and  is  divided  midway  by  33  feet  of  shale. 

Calhoun  county  is  west  from  Gilmer.  The  records  here  are  somewhat 
indefinite,  as  the  Pittsburg  is  wanting.  Two  records  in  the  northern 
part  of  the  coimty  show  a  sandstone,  40  feet  in  one,  28  feet  in  the  other, 
which  belongs  to  the  interval  of  that  seen  at  Glenville  660  feet  below  the 
Pittsburg.     A  lower  sandstone  beginning  at  674  feet  is  in  the  Pottsville.* 

Wirt  county,  southwest  from  Ritchie  and  northwest  from  Calhoun,  is 
east  from  Wood. 

The  Cowrun  anticline  of  Washington  county,  Ohio,  passes  across  the 
eastern  side  of  Wirt  and  brings  up  the  Ames  limestone,  which  is  ex- 
posed frequently  near  Burning  Springs.  The  Pittsburg  coal  bed  is  rarely 
present  either  in  exposed  sections  or  in  well  records,  but  a  record  on  the 
east  side  and  another  on  the  west  side  show  that  bed  and  afford  means 
of  comparison.  Two  records  in  detail  near  Burning  Springs  are  referable 
to  the  Ames  limestone,  which  in  the  Cowrun  area  of  Ohio  is  about  240  ' 
feet  below  the  Pittsburg  coal  bed  and  150  feet  above  the  Upper  Free- 
port,  but  the  lower  interval  increases  eastwardly. 

In  the  wells  within  the  Burning  Springs  area  a  sandstone  persists  44 
to  71  feet  thick  and  beginning  at  682  to  687  feet  above  the  "Big  Lime.'* 
At  the  Ritchie  line,  5  miles  east,  a  sandstone  60  feet  thick  begins  at  725 
feet  above  that  limestone  and  is  553  feet  below  the  Pittsburg.  The 
sandstone  at  Burning  Springs  is  269  feet  below  the  Ames  limestone,  so 
that  limestone,  if  the  relations  to  the  "Big  Lime"  be  the  same  as  at  the 
Ritchie  border,  would  be  311  feet  below  the  Pittsburg,  which  is  highly 
improbable.  It  is  better  to  regard  the  lower  portion  of  the  section  as 
thinning  westward  and  to  accept  725  at  the  Ritchie  border  as  equivalent 
to  686  at  Burning  Springs.  On  this  basis  one  may  place  the  coals  recorded 
in  one  of  the  wells  thus: 

1.  188  feet  below  the  Ames 472  feet  below  the  Pittsburg 
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The  error  is  very  slight ;  numbers  1  and  4  are  very  near  to  where  one 
should  expect  the  Upper  Freeport  and  the  Brookville.   In  Wood  county 

•Geology  of  West  Virginia:  Gilmer,  vol.  1.  pp.  257-258,  200;  vol.  ia,  pp.  378,  380, 
883-384,  386;  Calhoun,  vol.  Ici,  p.  396;  vol.  li.  p.  305. 
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the  interval  from  Pittsburg  to  Brookville  is  about  700  feet  and  in  Cabell, 
on  the  Ohio,  it  is  680  feet.  The  Freeport  sandstone,  50  feet  or  more  in 
thickness,  is  hard  and  in  part  pebbly,  at  times  reaching  below  the  second 
coal  bed.  The  third  bed  is  near  the  place  of  the  Lower  Kittanning  and 
the  two  beds  at  the  bottom  are  in  the  Pottsville. 

Eight  or  10  miles  north  from  Burning  Springs,  Stevenson  measured 
the  following  section: 

Feet 

1.  Shaly  sandstone • 20 

2.  Red  shale 105 

3.  Shaly  sandstone  90 

4.  Red  shale 55 

5.  Sandstone,  shaly  to  massive 65 

6.  Chert  5  to    12 

7.  Shale  with  nodular  limestone 9 

a  Black  shale  3 

10.  CJonl  bed  [Upper  Freeport] 1 

11  Shale  and  sandstone  120 

The  Ames  limestone  should  be  in  the  lower'  part  of  the  upper  red 
shale,  which  is  in  the  place  of  the  "Big  Red"  of  Washington  county,  Ohio, 
but  it  was  not  observed.  The  black  shale  overlying  the  coal  is  rich  in 
fossils  similar  to  those  obtained  by  the  writer  35  years  ago  from  shales 
overlying  the  Upper  Freeport  near  Morgantown.  The  coal  is  evidently 
the  Upper  Freeport  and  the  sandstone  is  in  the  Mahoning  interval.  The 
presence  of  the  chert  in  this  position  accompanied  by  the  fossiliferous 
shales  was  regarded  by  Stevenson  as  proving  the  identity  of  the  Upper 
Freeport  with  the  Stockton  of  the  Kanawha  region. 

Roane  county  is  south  from  Wirt  and  west  from  Calhoun.  The  Pitts- 
burg coal  bed  can  not  be  identified  with  certainty,  but  at  Spencer,  15 
miles  south  from  Burning  Springs,  the  Washington  coal  bed  of  the 
Dunkard  formation  is  present  in  the  hills.  The  place  of  the  Pittsburg 
is  taken  to  be  474  feet  below  this  coal  bed  on  top  of  a  sandstone  38  feet 
thick.   In  Ritchie  county  the  interval  is  494  feet. 

Three  sandstones  are  recorded  at  Spencer;  the  first,  beginning  at  470 
feet  below  the  assumed  place  of  the  Pittsburg,  is  130  feet  thick  and  30 
feet  above  a  second,  which  is  20  feet  thick.  The  third  begins  at  718 
and  is  in  the  Pottsville.  No  trace  of  coal  is  here,  but  black  slate  at  660 
to  688  feet  below  the  Pittsburg  may  hold  the  carbonaceous  material  of 
the  Brookville  horizon.  These  sandstones  are  recognizable  in  wells  6  and 
10  miles  southeast  from  Spencer,  in  one  6  miles  east  and  in  that  on 
Yellow  creek,  though  of  course,  like  all  sandstones,  they  vary  greatly 
in  thickness  and  so  in  the  upper  and  lower  boundaries.   In  the  well  6 
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miles  east  the  upper  sandstone  begins  at  70  feet  lower  than  at  Spencer 
and  underlie  90  feet  of  red  rock,  most  of  which  belongs  in  the  Alle- 
gheny. A  coal  bed  2  feet  thick  is  here,  which,  according  to  the  relations 
assumed  at  Spencer,  should  be  668  feet  below  the  Pittsburg.  The  record 
shows  a  coal  bed  4  feet  thick  at  660  feet  above  it,  which  may  be  the 
Pittsburg  coal  bed.  At  26  miles  southeast  from  Spencer  and  10  miles 
northwest  from  Clay  Courthouse,  a  great  sandstone  occurs,  practically 
continuous  for  336  feet,  being  broken  by  only  three  shale  beds  in  all  30 
feet  thick.  This  is  evidently  the  mass  termed  by  Mr  Campbell  the 
Charleston,  which  in  its  lower  portion  is. Allegheny  and  in  its  upper 
Conemaugh. 

In  Jackson  county,  west  from  Soane  and  Wirt  and  south  form  Wood, 
the  records  can  not  be  interpreted  by  the  writer.  MiEison  county  is  west 
from  Jackson  and  adjoins  Meigs  and  Gallia  of  Ohio.  On  the  eastern 
border,  which  is  10  miles  southeast  from  Pomeroy,  Ohio,  the  Mahoning 
sandstone  ends  at  466  and  the  first  Pottsville  sandstone  is  at  685  feet 
below  the  Pittsburg  coal  bed.  The  Allegheny,  about  200  feet  thick,  con- 
tains two  sandstones  86  and  50  feet  thick,  but  no  trace  of  coal.  Twelve 
miles  southwest,  on  the  Ohio  river  opposite  Gallipolis,  a  coal  bed  is  present 
at  422  feet,  a  sandstone  67  feet  thick  begins  at  532  feet,  and  a  coal  bed 
ends  at  669  feet  below  the  Pittsburg,  resting  on  a  great  double  sandstone, 
413  feet  thick,  extending  to  within  45  feet  of  the  "Big  Lime."  The  bot- 
tom coal  bed  is  at  the  Brookville  horizon,  but  the  relations  of  the  upper 
bed  are  uncertain. 

In  Putnam  county,  southeast  from  Mason,  one  has  at  Winfield,  27 
miles  southeast  from  Gallipolis,  the  complete  record  reported  by  Mr 
Campbell  and  Doctor  White.  A  sandstone  70  feet  thick  begins  at  about 
540  feet  below  the  Pittsburg  and  rests  on  slate  and  coal  20  feet,  reaching 
to  sandstone  beginning  at  629  and  ending  at  735  feet  below  the  Pitts- 
burg. These  sandstones  represent  the  lower  portion  of  the  mass  seen 
near  Charleston,  the  upper  portion  being  replaced  in  great  part  by  shale. 
The  Brookville  coal  bed  is  not  noted  in  the  record,  but  it  belongs  not 
far  from  the  bottom  of  the  sandstone,  for  at  lock  number  6,  20  miles 
southeast  from  Winfield  and  5  miles  northwest  from  Charleston,  it  is 
about  750  feet  below  the  Pittsburg  and  underlies  a  sandstone,  405  feet 
thick,  extending  almost  200  feet  into  the  Conemaugh.  In  a  boring  about 
12  miles  southwest  from  Winfield  a  coal  bed  is  reported  at  750  feet  above 
the  "Big  Lime"  underlying  a  sandstone,  105  feet  thick,  with  no  higher 
sandstone  within  300  feet.    This  may  be  the  Brookville,  whose  place  at 

*  Geology  of  West  Virginia :  Wirt,  vol.  1,  p.  262 ;  toI.  \a,  pp.  464-465,  467-468 ;  Roane, 
vol.  1,  pp.  264,  268;  vol.  \a,  pp.  470,  472;  vol.  II,  pp.  398-399. 
J.  J.  Stevenson :  Proc.  Am.  Phil.  Soc..  1875.  vol.  xlv,  p.  395. 
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Winfield  is  somewhat  less.  It  is  evident  that  the  sandstone  of  the  Ka- 
nawha region  is  becoming  replaced  by  shale. 

Cabell  adjoins  Putnam  at  the  west  and  jeaches  to  the  Ohio  river  oppo- 
site Lawrence  county  of  Ohio.  In  the  absence  of  surface  measurements,  it 
is  difficult  to  interpret  the  well  records  in  the  eastern  part  of  the  county, 
but  on  the  west  side,  at  Central  City,  is  a  record  directly  referable  to  the 
Pittsburg  coal  bed,  which  is  mined  in  hills  overlooking  the  river  only  10 
or  12  miles  away  from  its  outcrop  on  Greasy  ridge,  within  Ohio.  There 
the  Brookville  horizon  is  marked  by  10  feet  of  black  shale  ending  at  680 
feet  below  the  Pittsburg  coal  bed  and  underlying  a  double  sandstone  in 
all  105  feet,  but  divided  midway  by  50  feet  of  shale.  This  represents  the 
lower  part  of  the  mass  at  Charleston.  At  Greenbottom,  on  the  Ohio  near 
the  northern  edge  of  the  county,  a  coal  bed  is  recorded  at  832' feet  above 
the  "Big  Lime."  At  Central  City  the  Brookville  is  630  feet  and  at  Gal- 
lipolis,  15  miles  northwest  from  Greenbottom,  458  feet  above  that 
limestone.  The  coal  bed  at  Greenbottom  must  be  at  lea^t  250  feet  above 
the  place  of  the  Brookville  and  therefore  in  the  Conemaugh.* 

Beyond  the  Kanawha  river  the  massive  sandstones  of  the  Allegheny 
have  resisted  erosion,  so  that  they  cap  the  high  hills  of  western  Fayette, 
northwestern  Raleigh,  northwestern  Wyoming,  and  probably  enter 
Buchanan  county  of  Virginia.  One  should  expect  to  find  the  formation 
in  Pike  county  of  Kentucky.  The  rocks  fall  toward  the  northwest,  and 
the  Upper  Freeport  (Mason)  and  Brookville  (Stockton-Lewiston)  coal 
beds  have  been  followed  with  more  or  less  certainty  across  the  counties 
of  Boone,  Fayette,  Lincoln,  Wayne,  Logan,  and  Mingo  to  the  Kentucky 
line;  but  the  relations  of  the  coal  beds  are  somewhat  indefinite,  as  the 
sandstones  are  variable,  limestone  is  wanting,  and  the  Black  Flint  dis- 
appears very  quickly  beyond  the  Kanawha  river. .  Much  work  has  been 
done  within  this  area,  but  the  section  has  not  been  carried  in  detail,  so 
that  the  more  or  less  tentative  correlations  by  the  several  observers  are 
not  wholly  in  accord. 

Mr  d^Invilliers  obtained  a  measurement  in  northern  Raleigh,  on  Marsh 

fork  of  Coal  river,  about  25  miles  southwest  from  the  mouth  of  Gauley 

river : 

Feet  Inches 

1.  Coal  bed 7  4 

2.  Interval  51  0 

3.  Coal  bed 3  8 

4.  Interval  126  0 

•  Geology  of  West  Virginia :  Mason,  toI.  1.  pp.  281-282 ;  toI.  H,  p.  412 ;  Putnam,  toI.  11, 
pp.  401-402,  483 ;  CabeU.  vol.  1.  p.  275 ;  vol.  \a,  pp.  484,  488,  490-494. 

M.  R.  Campbell :  U.  8.  Geol.  Survey  folios,  Charleston,  p.  3 ;  Huntingdon,  p.  3. 
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Feet.        Inches 

5.  Coal  bed  9  11 

6.  Interval 141  0 

7.  Lewiston  coal  bed 5  •      10 

a  Interval  123  0 

0.  Coal  bed 3  8 

10.  Interval 184  0 

11.  Wlnifrede  coal  bed 4  0 

The  identification  of  the  Lewiston  and  Winifrede  beds  is  taken  by  Mr 
d'Invilliers  to  be  correct,  but  the  relations  of  the  other  beds  are  very  un- 
certain. The  intervals  seem  to  suggest  that  coals  numbers  1  and  3  belong 
to  the  Conemaugh.  No  measurements  are  available  for  18  miles  down 
the  river,  where  one  finds  what,  appears  to  be  the  Brookville-Stockton  bed, 
4  feet  thick  and  underlying  155  feet  of  sandstone  and  shales.  A  somewhat 
higher  bed  was  seen  by  Mr  Campbell  at  6  miles  south  from  Charleston, 
belonging  at  the  horizon  of  the  Black  Flint,  while  at  a  little  distance  away 
is  a  bed  thought  by  him  to  be  near  the  place  of  the  North  Coalburg.  Mr 
Campbell  does  not  find  the  number  5  Block  coal  here,  though  he  recog- 
nizes it  at  a  short  distance  eastward. 

In  northeastern  Lincoln  county,  on  Cobbs  creek,  a  branch  of  Little 

Coal  river,  Mr  d'Invilliers  measured: 

Feet  Inches 

1.  Sandstones,  shales,  and  red  beds 400  0 

2.  Coal  and  shale 6  0 

3.  Sandstone  * 35  0 

4.  Coal  bed Blossom 

5.  Sandstone,  fine  conglomerate  at  bottom.  60  0 
a  Coal  bed  and  partings,  splint 4  3 

7.  Massive  sandstone 35  to    45  0 

8.  Coal  bed,  splint,  about 4  0 

9.  Sandstone  40  0 

10.  Coal  bed 3  6 

At  3  or  4  miles  farther  down  the  river,  Mr  Campbell  found  three  coal 
beds,  54,  30,  and  97  inches  thick,  partings  included,  separated  by  inter- 
vals of  120  and  20  feet.  He  places  the  lowest  coal  near  the  horizon  of 
the  Black  Flint,  in  this  agreeing  with  Mr  d'Invilliers,  who  is  inclined  to 
look  for  the  place  of  the  Flint  at  a  little  way  above  his  lower  splint  bed. 
The  highest  bed  in  each  c^ise  is  close  to  the  pUce  of  the  Upper  Freef)ort. 
The  Guyandotte  flows  northwardly  across  western  Lincoln.  Mr  Cani])- 
bell  reports  an  important  coal  bed  in  the  southern  part  of  the  county,  com- 
ing up  from  the  river  near  Sheridan.  His  measurements  and  those  made 
many  years  ago  by  Dr.  John  Locke  show  it  is  about  5  feet  at  Sheridan, 
but  increasing  southwardly,  so  that  at  one  locality  it  is  about  10  feet  with- 
out serious  partings.    Mr  Campbell  places  this  at  about  70  feet  below 
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the  top  of  his  Charleston  sandstone^  so  that  it  seems  to  be  near  the 
Upper  Preeport  horizon.  At  Sheridan  the  upper  part  is  eannel.  A  lower 
bed  arises  from  the  river  above  Sheridan,  and  at  7  miles  from  that  place  is 
116  feet  above  the  river.  Twelve  miles  farther  south,  on  Stone  Coal 
branch,  in  Logan  county,  Mr  d^Invilliers  finds  a  coal  bed  5  feet  6  inches 
thick  at  a  little  more  than  500  feet  above  the  Campbells  Creek  (Sharon) 
coal  bed.  This  is  712  feet  above  the  river  and  it  may  be  the  si^e  with 
Mr  Campbell's  lower  bed.  The  section  at  Dingess,  in  Mingo  county,  makes 
possible  that  this  is  at  the  Brookville  horizon. 

Twelve-pole  creek  flows  northwardly  through  Wayne  county,  both  forks 
rising  in  Mingo  county.  Mr  Campbell  finds  the  upper  horizon  in  his 
Charleston  persistent  in  the  southwest  comer  of  Wayne,  where  the  coal 
was  opened  at  Radnor,  Ferguson,  and  elsewhere,  but  proved  to  be  worth- 
less. Doctor  White  states  that  this  bed  rises  from  the  creek  at  a  little 
way  above  Wayne.  He  describes  it  as  double  on  Cave  creek,  where  the 
splits  are  separated  by  30  feet  of  sandstone.  This  bed,  which  he  corre- 
lated with  the  Upper  Freeport,  becomes  eannel  westwardly  from  Twelve- 
pole  creek  and  the  eannel  persists  to  the  Kentucky  line.  Mr  Campbell 
finds  another  coal  bed  at  100  feet  lower,  also  poor,  and  one  still  lower  is 
shown  near  the  Kentucky  line.  All  of  these  coals  are  so  badly  broken  by 
partings  as  to  be  practically  worthless. 

At  Dingess,  in  northern  Mingo,  Doctor  White  describes  a  coal  bed  8 
feet  1  inch  thick  in  seven  layers  of  coal  and  shale  and  about  480  feet 
above  the  Warfield  (Sharon)  coal  bed.  It  is  near  the  place  of  the  Brook- 
ville, for  at  a  few  miles  west,  in  Ijawrence  county  of  Kentucky,  the 
Warfield  (Sharon)  coal  bed  is  about  680  feet  below  what  appears  to  be 
the  Upper  Freeport  limestone.  The  section  near  Xolan,  10  miles  farther 
south,  as  given  by  Doctor  White,  is: 

Feet       Inches 

1.  Sandstones  and  red  shale 200  0 

2.  Mason  coal  bed 2  1 

3.  Concealed  and  coarse  sandstone 60  0 

4.  Number  5  Block  coal  bed,  mostly  splint 3  11 

5.  Fireclay  and  mostly  coarse  sandstone 150  0 

6.  Stockton  coal  bed,  splint,  with  parting 2  0 

One  is  here  on  the  border  and  the  conditions  are  very  like  those  ob- 
served along  the  southeast  outcrop  northwardly  beyond  the  Kanawha.* 

*  E.  V.  d'lnirinierB :  Geological  report  on  West  Virginia  and  Ohio  railroad  line,  pp. 
9,  46,  48:  map  of  New  river  and  Kanawha  coal  field;  also  personal  communication  of 
anpublltbed  material. 

B.  S.  Lyman :  Proc.  Am.  Phil.  Soc.,  vol.  xzzUl,  pp.  286-288. 

M.  R.  Campbell :  Charleston  folio,  pp.  6,  7,  8 ;  Huntingdon  folio,  pp.  4,  5,  6. 

I.  C.  White :  West  Virginia  Survey,  vol.  11,  pp.  376-377,  541-643. 
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CoNEHAUOH  Formation 

CORRELATION 

The  southern  limit  of  the  Conemaugh  can  not  be  determined  in  the 
present  state  of  our  knowledge,  but  there  seems  to  be  little  room  for 
doubt  that  the  lower  members  of  the  formation  are  present  as  far  south 
as  Pike*  county  of  Kentucky,  southwest  from  Mingo  county  of  West 
Virginia.  Owing  to  the  absence  of  any  beds  of  coal,  limestone,  or  iron 
ore  possessing  economic  value  in  any  considerable  area,  the  Conemaugh 
has  been  regarded  as  "barren,^*  but  its  coal  and  some  other  horizons 
prove  to  be  quite  as  persistent  as  those  of  the  other  formations  and  its 
variations  are  quite  as  interesting  as  those  of  the  Pottsville.  The  interval 
•between  the  Upper  Freeport  and  the  Pittsburg  coal  bed  decreases  west- 
ward from  about  600  feet  along  the  northerly  outcrop  in  Pennsylvania 
to  about  300  feet  along  the  western  outcrop  in  Ohio  and  to  somewhat  loss 
in  Kentucky,  if  one  may  draw  conclusion  from  the  portion  remaining  in 
that  state. 

The  noteworthy  horizons  in  the  Conemaugh  are  numerous,  but,  owing 
to  abrupt  variations  in  character  and  thickness  of  the  detrital  beds,  there 
has  been  some  confusion  respecting  the  relations.  The  succession  in  de- 
scending order  is: 

Little  Pittsburg  limestone. 
Little  Pittsburg  coal  bed. 
Little  Clarlcsburg  coal  bed. 
Morgantown  sandstone. 
Elk  Lick  coal  bed. 
Washington  reds. 
Ames  limestone. 
Harlem  coal  bed. 
Pittsburg  reds. 
Barton  coal  bed. 
Cowrun  sandstone. 
Anderson  coal  bed: 
Cambridge  limestone. 
Buffalo  sandstone. 
Brush  Creek  limestone. 
Brush  Creek  coal  bed. 
Upper  Mahoning  sandstone. 
Gallitzin  coal  bed. 
Mahoning  limestone. 
Lower  Mahoning  sandstone. 
Uffington  shales. 

The  Pittsburg  limestone  of  H.  1).  Rogers  consists  of  one  or  more  beds 
within  an  interval  of  about  25  feet  below  the  Pittsburg  coal  bed,  the 
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• 

higher  one  often  almost  directly  under  that  coal.  Sometimes  these  lime- 
stones are  brecciated  and  they  frequently  contain  minute  univalves,  whose 
relations  have  not  been  determined. 

The  Little  Pittsburg  coal  bed  of  H.  D.  Rogers  refers  to  a  horizon 
rather  than  to  a  single  coal  bed.  At  varying  intervals  down  to  50  feet 
below  the  Pittsburg  coal  bed,  one  or  at  times  two  coal  beds  are  seen, 
usually  thin,  but  occasionally,  as  in  the  case  of  the  Jeffers  (E.  B. 
Andrews)  in  southern  Ohio  and  possibly  in  westerp  Maryland,  attaining 
local  importance.  Non-fossiliferous  limestone  is  present  in  some  localities 
associated  with  the  coal. 

The  Little  Clarksburg  coal  bed  of  I.  C.  White,  frequently  accompanied 
by  a  limestone,  is  a  well  marked  horizon  at  100  to  130  feet  below  the 
Pittsburg;  but  it  is  confined  to  southern  Pennsylvania  and  northern 
West  Virginia,  being  unrecognizable  at  any  considerable  distance  west 
from  Chestnut  hill,  in  the  former  state.  Like  many  other  coal  beds,  its 
only  representative  at  times  is  a  black  shale  containing  fragmentary  re- 
mains of  fishes. 

The  Elk  Lick  coal  bed  of  J.  P.  Lesley  (Barton  of  Pennsylvania  reports 
L  and  K)  is  an  important  bed  at  the  type  locality  in  Somerset  county  of 
Pennsylvania.  The  horizon  is  marked  by  a  thin  coal  bed  at  many  locali- 
ties in  Pennsylvania  and  northern  West  Virginia,  while  in  Ohio  it  oftens 
carries  thin  coal  or  black  shale.  Its  place  is  well  defined  on  the  east  side 
of  the  basin,  as  it  underlies  the  rather  persistent  Morgantown  sandstone. 
On  Elk  creek  it  overlies  the  Elk  Lick  limestone,  but  that  bed  is  uncertain 
elsewhere,  having  been  observed  very  rarely  outside  of  Somerset  county. 

The  Ames  limestone  of  E.  B.  Andrews  (Crinoidal  of  northern  Ohio. 
Green  Fossiliferous  and  Crinoidal  of  Pennsylvania)  is  one  of  the  mo6t 
persistent  and  in  some  respects  the  most  remarkable  horizon  in  the 
Conemaugh.  It  is  wanting,  or  perhaps  not  recognized,  in  the  northern 
portion  of  the  first  and  second  bituminous  basins  of  Pennsylvania,  but  is 
present  in  the  southern  portions  of  those  basins  in  Pennsylvania,  Mary- 
land, and  West  Virginia.  Though  thin,  seldom  more  than  6  and  often 
less  than  3  feet  thick,  it  has  been  followed  in  exposed  sections  from 
Barbour  county  of  West  Virginia  along  the  eastern  and  northern  outcrops 
in  Maryland  and  Pennsylvania  into  Ohio,  where  it  persists  along  the 
western  outcrop  to  the  last  exposure  of  its  place  near  the  Kentucky  line ; 
and  in  this  last  state  it  may  be  the  fourth  fossiliferous  limestone  of 
Professor  CrandalPs  sections,  which  is  present  certainly  as  far  south  as 
the  middle  of  Lawrence  county.  Southward  from  Barbour  county  of  West 
Virginia,  along  the  eastern  outcrop,  it  has  not  been  reported,  but  Doctor 
White  has  identified  it  with  the  Two-mile  limestone  near  Charleston,  a 
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fresh-water  limestone  associated  with  deep  red  shales.  Whether  or  not  it 
is  present  in  the  central  counties  of  the  state,  where  its  place  is  deeply 
buried,  can  not  be  determined,  as  the  oil-well  records  can  not  be  depended 
on  for  recognition  of  thin  limestones;  but  it  is  certainly  present  under 
the  Cowrun  anticline  along  the  central  part  of  the  basin  in  Washington 
coimty  of  Ohio,  Pleasants,  Wirt,  and  Ritchie  of  West  Virginia  and  it  is 
also  present  in  northern  Wayne  of  the  latter  state,  near  the  Kentucky 
line.  The  color  is  usually  greenish,  but  often  masked  by  iron  stain,  and 
the  percentage  of  silica  is  often  large,  though  the  bed  is  reported  as 
cherty  at  no  place  where  the  indentification  is  complete.  The  fourth 
limestone  is  cherty  in  Lawrence  county  of  Kentucky,  where  one  is  near 
its  place  of  disappearance,  for  at  a  few  miles  farther  it  is  represented  by 
only  a  green  calcareous  sandstone.  The  Ames  limestone  carries  a  marine 
fauna  at  all  localities  where  it  has  been  recognized  certainly.  In  northern 
West  Virginia,  for  30  to  40  miles  southward  from  the  Pennsylvania  line, 
foBsiliferous  shales  of  considerable  thickness  underlie  the  Ames,  which 
is  the  highest  horizon  in  the  Appalachian  basin  at  which  marine  life 
flourished. 

The  Harlem  coal  bed  of  J.  S.  Newberry  (16  of  northern  Ohio,  Cri- 
noidal  of  Pennsylvania,  Friendsville  of  Maryland)  is  not  so  persistent  as 
the  Ames  limestone,  but  is  present  at  nearly  all  localities  in  Ohio  where 
its  place  is  exposed,  is  reported  frequently  along  the  northern  outcrop 
in  Pennsylvania,  but  more  rarely  along  the  eastern  outcrop,  though  the 
horizon  is  marked  by  thin  coal  or  black  shale  at  many  localities  apparently 
as  far  south  as  Upshur  county  of  West  Virginia.  Many  oil  records  note 
it  as  coal  or  black  shale  and  it  is  ])re6ent  as  a  coal  l)ed  under  the  Cow- 
run  anticline  in  Washington  of  Ohio  and  Wirt  of  West  Virginia.  It  may 
be  the  Coal  12  of  Kentucky.  Usually  it  is  very  thin,  but  occasionally,  as 
at  the  type  locality  in  Carroll  county  of  Ohio,  it  is  of  workable  thickness. 
For  long  distances  it  underlies  the  Ames  limestone  directly  and  it  is 
known  as  the  "Fossil  coaP'  at  two  widely  separated  localities,  one  in  Ohio, 
on  the  northwestern  outcrop,  and  the  other  in  central  West  Virginia. 
At  both  the  upper  part  of  the  bed  contains  fine  specimens  of  mollusca 
characterizing  tlie  overlying  limestone. 

The  Barton  coal  bed  of  P.  T.  Tyson  (Bakerstown  of  Pennsylvania 
and  Maryland,  not  Barton  of  Lesley  and  Stevenson,  which  is  Elk  Lick) 
is  a  well  marked  horizon  a  little  above  midway  between  the  Ames  and 
Cambridge  limestones  and  above  tlie  Cowrun  sandstone.  Coal  is  at  this 
place  in  western  Maryland  and  in  most  of  the  counties  in  western 
Pennsylvania,  but  it  is  rare  in  Ohio.  It  may  be  represented  by  the 
Patriot  (E.  M.  Lovejoy)  and  Slate  (E.  McMillin)  coals  of  southern  Ohio, 
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but  it  seems  to  be  wanting  in  Kentneky,  though  it  may  be  represented  by 
Coal  12.  The  Barton  coal  is  rarely  of  economic  importance. 

The  Anderson  coal  bed  of  E.  B.  Andrews  (Norwich  of  northern 
Guernsey,  Ohio)  has  been  taken  for  the  Barton  (Bakerstown)  in  some 
portions  of  Pennsylvania  and  West  Virginia.  It  seems  to  be  wanting  on 
the  east  side  of  the  basin,  the  most  easterly  locality  being  in  southern 
Butler  of  Pennsylvania ;  thence  to  the  Ohio  line  it  is  utterly  insignificant. 
It  becomes  distinct  in  Brooke  county  of  northern  West  Virginia,  whence 
through  Ohio  it  is  persistent  into  Kentucky,  where  it  is  the  Coal  11.  It 
ia  a  few  inches  to  15  feet  above  the  Cambridge  limestone  in  Ohio,  but 
the  interval  increases  to  between  30  and  40  feet  in  Kentucky.  The  bed  is 
of  economic  value  in  only  a  small  area  within  central  Ohio. 

The  Cambridge  limestone  of  E.  B.  Andrews  (Pine  creek  of  western 
Pennsylvania)  is  probably  the  same  with  a  limestone  at  about  50  feet 
below  the  Ames  in  the  second  bituminous  basin  of  Pennsylvania  as  well  as 
in  northern  West  Virginia  just  west  from  Chestnut  hill  and  in  western 
Maryland ;  but  it  is  first  clearly  recognizable  along  the  northern  outcrop 
in  Armstrong  county  of  Pennsylvania,  where  in  many  respects  it  re- 
sembles the  Ames.  Its  occurrence  as  far  as  Beaver  county  is  a  little  irregu- 
lar, but  thence  along  the  western  outcrop  through  Ohio  into  Kentucky  it 
is  as  persistent  as  the  Ames.  The  interval  between  these  limestones  varies 
from  90  to  130  feet  along  the  northern  and  western  outcrops.  The 
Cambridge  limestone  is  present  at  the  southwest  comer  of  West  Virginia, 
but  it  seems  to  be  wanting  under  the  Cownm  anticline,  even  in  Wash- 
ington county  of  Ohio.  It  is  persistent  only  on  the  west  side  of  the 
basin,  the  occurrence  on  the  east  side  being  very  irregular.  The  bed  is 
much  more  variable  than  the  Ames.  In  Pennsylvania  the  color  is  from 
dark  to  gray;  in  northern  Ohio  from  gray  to  blue  and  often  weathers 
buflf;  while  farther  south  it  is  a  dark  limestone  associated  with  dark 
shales ;  yet  in  some  portions  of  southern  Ohio  it  is  the  "White  fossilifer- 
ous"  limestone.  In  Noble  county  of  Ohio  a  new  limestone  appears  di- 
rectly over  the  Anderson  coal  bed,  and  thence  southward  there  are  two 
Cambridge  limestones,  10  to  30  feet  apart,  designated  as  Upper  and  Ijower 
by  Professor  Edward  Orton,  one  or  the  other  being  absent  at  times  for 
several  miles.  The  Lower  is  the  Cambridge  limestone  proper,  equivalent 
to  Doctor  I.  C.  White's  Pine  creek.  Unlike  the  Ames,  both  beds  tend 
to  be  cherty  toward  the  south.  In  Kentucky  the  interval  between  the 
Cambridge  limestones  increases  to  about  50  feet,  with  the  Anderson  at 
about  one-third  of  distance  below  the  Upper.  This  limestone  cari'ies  a  rich 
marine  fauna  in  Ohio  and  western  Pennsylvania,  as  also  in  West  Vir- 
ginia at  many  places  north  from  the  Baltimore  and  Ohio  railroad  and 
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in  western  Maryland ;  but  no  fofisils  were  seen  in  the  second  basin  within 
Pennsylvania. 

The  Brush  Creek  limestone  of  I.  C.  White  (not  Brush  Creek  limestone 
of  Ohio,  volume  v),  separated  from  the  Cambridge  in  its  type  area  by 
the  Buffalo  interval  of  30  to  60  feet,  is  the  Black  Fossiliferous  limestone 
of  the  Pennsylvania  reports;  it  is  widely  distributed  in  Pennsylvania, 
Maryland,  and  northern  West  Virginia,  but  it  quickly  disappears  west- 
ward in  Ohio  and  is  wanting  in  the  greater  part  of  that  state  as  well  as 
in  Kentucky.  Professor  Newberry  found  it  occasionally  in  Columbiana 
county  of  Ohio  and  Professor  Orton  discovered  it  at  one  locality  in 
Guernsey  county,  40  or  50  miles  toward  the  southwest.  Originally  it  may 
have  been  continuous  between  these  localities  and  may  have  been  re- 
moved during  deposit  of  the  coarse  overlying  rock.  The  limestone  is 
dark,  sometimes  nodular,  carries  an  abundant  marine  fauna,  and  is  asso- 
ciated commonly  with  black  fossiliferous  shales. 

The  Brush  Creek  coal  bed  of  I.  C.  White  (in  Pennsylvania,  Dudley  of 
Broad  Top,  Rose  of  Somerset ;  Groff  and  7  of  northern  Ohio,  Brush  creek 
of  southern  Ohio;  Masontown  and  Mason  in  northern  West  Virginia) 
is  even  more  persistent  than  the  Haiflem  around  the  border  of  the  basin. 
It  has  been  recognized  in  Broad  Top,  in  Maryland,  in  northern  West 
Virginia,  in  all  of  the  counties  of  Pennsylvania  where  its  place  is  ex- 
posed, and  it  seems  to  be  equally  persistent  in  Ohio;  but  it  seems  to  be 
wanting  under  the  Cowrun  anticline  and  it  can  not  be  recognized  in 
the  oil-well  records.  Mr  McMillin's  section  in  Lawrence  county  of  Ohio 
shows  the  bed  double,  with  the  splits  24  feet  apart.  This  coal  bed  can  not 
be  recognized  in  the  sections  of  northern  Kentucky.  Coal  10  of  Professor 
E.  E.  Crandall  underlies  the  Lower  Cambridge  directly;  it  rests  on  the 
Buffalo  sandstone  and  is  very  thin.  The  horizon  is  a  new  one,  of  which 
no  trace  appears  in  the  Ohio  sections.  At  one  locality  only  is  there  any 
trace  of  coal  at  the  Brush  creek  horizon;  that  is  in  southeast  Carter 
county  certainly  23  miles  from  the  Ohio  and  on  the  extreme  western 
outcrop. 

Little  reference  has  been  made  to  the  apparently  anomalous  section  of 
Somerset  county  within  the  first  bituminous  basin  of  Pennsylvania.  There 
the  Conemaugh  contains  a  large  number  of  coal  beds  and  limestones, 
some  economically  important,  most  of  which  can  not  be  correlated  with 
beds  farther  west.  For  the  description,  the  reader  is  referred  to  pages 
which  follow.  Efforts  to  recognize  these  beds  led  to  errors  in  counties 
farther  west.  The  Rose  coal  bed  of  Somerset  is  the  Brush  creek,  and 
above  it  at  a  little  distance  is  the  Philson,  possibly  a  spUt  from  the  Rose 
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or  perhaps  representing  at  the  east  a  horizon  which  at  one  place  in 
western  Pennsylvania  shows  a  trace  of  coal. 

Several  sandstones  have  been  recognized  and  have  received  names. 
The  Connellsville  sandstone  of  J.  P.  Lesley  seemp  to  be  fairly  per- 
sistent, as  sandstones  go,  along  the  eastern  side  in  Fayette  and  West- 
moreland counties  of  Pennsylvania  as  well  as  in  West  Virginia;  but 
the  name  is  useful  chiefly  to  designate  the  interval  between  the  Little 
Pittsburg  and  Little  Clarksburg  coal  beds.  One  usually  finds  some  sand- 
stone in  this  interval,  often  thick  and  sometimes  conglomerate.  The 
Morgantown  sandstone  of  J.  J.  Stevenson  is  a  more  noteworthy  deposit 
in  the  interval  between  Little  Clarksburg  and  Elk  Lick,  coal  beds.  This 
is  remarkably  persistent  in  the  eastern  half  of  the  basin,  and  not  infre- 
quently some  sandstone  is  present  in  this  interval  at  Ohio  localities.  It 
varies  greatly  in  thickness,  at  times  extending  upward  as  sandstone  into 
the  Connellsville  interval  or  downward  to  below  the  Ames  limestone,  while 
again  the  whole  interval  is  occupied  by  shale.  Ordinarily  it  is  moder- 
ately coarse,  at  times  even  conglomerate,  and  usually  so  well  cemented  as 
to  be  a  durable  building  stone.  It  is  the  first  oil  rock  of  Greene  county, 
Pennsylvania.  Somewhat  lower  down  is  the  Cowrun  sandstone  of  the 
Ohio  oil-well  drillers  overlying  the  Anderson  coal  bed.  It  inarks-the 
interval  between  the  Barton  coal  bed  and  the  Cambridge  limestone.  This 
interval  frequently  shows  massive  sandstone  along  the  northern  outcrop, 
at  times  continuous  with  the  Buifalo  sandstone  below.  Like  all  the  other 
sandstones,  this  is  variable  and  often  absent.  It  has  been  a  somewhat 
important  oil  horizon  in  Ohio  and  has  yielded  some  oil  in  West  Virginia^ 
where  the  drillers'  records  often  note  it  under  the  name  "Salzburg** 
sandstone.  The  Buffalo  sandstone  of  I.  C.  White  (Salzburg  of  Stevenson) 
is  in  the  interval  between  the  Cambridge  and  Brush  Creek  limestones 
The  type  locality  is  in  southwest  Armstrong  county,  where  the  mass  is 
60  feet  thick  and  conglomerate.  It  is  persistent  along  the  northern  and 
eastern  outcrop  in  Pennsylvania  and  in  West  Virginia  and  a  sandstone 
is  usually  shown  in  this  inter\'al  by  the  oil-well  records  of  the  latter  state. 
Along  the  western  outcrop  in  Ohio  and  in  Kentucky  this  interval  usually 
contains  more  or  less  of  coarse  sandstone. 

The  Mahoning  interval,  between  the  Brush  Creek  and  Upper  Freeport 
coal  beds,  is  occupied  typically  by  the  Upper  and  Lower  Mahoning  sand- 
stones, separated  by  variable  shales,  but  at  times  one  finds  the  whole 
interval  filled  with  shale,  at  others  with  sandstone.  In  much  of  Penn- 
sylvania and  West  Virginia  both  sandstone  plates  are  present,  but  on 
the  western  side  of  the  basin  throughout  the  upper  plate  and  most  of  the 
intervening  shale  disappear,  so  that  the  Brush  Creek  coal  bed  comes  down 
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almost  to  the  Lower  Mahoning  sandstone.  The  shale  separating  the  sand- 
stone plates  varies  greatly  in  thickness  within  the  first  and  second  bitu- 
minous basins  of  Pennsylvania  as  well  as  for  almost  20  miles  west  from 
Chestnut  ridge,  in  that  state,  and  to  this  variability  are  due  some  of  the 
errors  in  reports  upon  that  area. 

The  Oallitzin  coal  bed  of  Franklin  Piatt  (Mahoning  of  western  Penn- 
sylvania, not  Brush  creek  of  Ohio)  is  confined  to  the  eastern  side  of  the 
basin  and  is  in  the  shales  overlying  the  Lower  Mahoning.  It  may  be 
single,  double,  or  even  quadruple.  It  overlies  the  Mahoning  limestone 
of  I.  C.  White  (not  Mahoning  limestone  of  H.  D.  Rogers),  which  is 
divided  as  is  the  coal  bed,  so  that  the  Upper  Oallitzin  coal  may  be  ac- 
companied by  an  Upper  Mahoning  limestone.  The  Upper  Gallitzin  coal 
bed  was  mistaken  for  the  Philson  of  Somerset  county  by  W.  G.  Piatt  in 
Indiana  and  Jefferson  counties  and  by  Stevenson  in  the  Ligonier  valley, 
for  there  the  shales  are  so  thick  that  the  Tipper  Gallitzin  is  as  far  above 
the  Upper  Preeport  as  is  the  Rose  (Brush  creek)  in  Somerset.  The 
synonymy  is: 

Gallitzin  coal  bed Speer  of  Broad  Top,  Mahoning  of  western 

Pennsylvania. 

Upper  Oallitzin Pbilson  of  Indiana  and  Jefferson  ccrantiea, 

and  Ligonier  valley  of  Fayette  and  West- 
moreland counties. 

The  Gallitzin  beds  disappear  in  western  Pennsylvania  along  with  the 
Upper  Mahoning,  and  the  Brush  Creek  coal  bed  is  let  down  to  the  Ma- 
honing limestone,  which  in  volume  v  of  the  Ohio  reports  is  referred  to 
the  Brush  Credc  limestone.  This  Mahoning  limestone  is  widely  distrib- 
uted either  as  limestone  or  calcareous  iron  ore,  but  especially  along  the 
northern  and  western  sides  of  the  basin. 

The  Ijower  Mahoning  sandstone  is  more  persistent  than  the  Upper. 
It  is  the  Mahoning  sandstone  of  most  of  the  reports  on  counties  west  from 
Chestnut  hill  in  Pennsylvania  and  is  the  only  member  present  in  Ohio 
and  Kentucky.  It  is  the  "Dunkard"  sandstone  of  most  of  the  well 
records,  though  the  Upper  Mahoning  appears  under  the  same  name  in 
many  records  from  the  east  side  of  the  basin. 

Along  the  southeastern  outcrop  within  West  Virginia  the  rocks  of  the 
lower  Conemaugh  become  very  coarse,  and  there  is  an  almost  continuous 
mass  of  more  or  less  conglomerate  sandstone  from  the  bottom  of  the 
Allegheny,  400  feet  being  recorded  in  one  well  below  Charleston.  This 
condition  disappears  for  the  Conemaugh  as  for  the  Allegheny  within  a 
very  few  miles  toward  the  northwest :  but  in  some  localities,  far  away  from 
the  coastline  and  in  the  ^^ry  middle  of  the  basin,  one  finds  sandstone  the 
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prevailing  rock  throughout  the  section.    A  similar  condition  has  been 
noted  for  the  Allegheny. 

Underlying  the  Mahoning  and  separating  it  from  the  Upper  Freeport 
coal  bed  is  a  shale,  the  Uffington  shale  of  I.  C.  White.  It  is  not  per- 
sistent, having  been  removed  from  wide  areas  during  deposit  of  the 
overlying  sandstone.  Near  Morgantown,  in  northern  West  Virginia,  it 
is  crowded  with  marine  forms  which  are  abundant  even  at  contact  with 
the  coal ;  elsewhere  except  in  Upshur  and  Wirt  counties  the  fauna  seems 
to  be  wanting,  but  the  shales  have  yielded  many  plant  remains. 

The  reappearance  of  red  and  green  shale  much  resembling  that  of  the 
Shenango  beds  of  the  Lower  Carboniferous  at  the  top  of  the  Allegheny 
was  noticed  on  a  previous  page.  In  the  Conemaugh  formation,  red  shale 
occurs  within  the  Mahoning  interval  in  Gilmer,  Ritchie,  Calhoun,  and 
Wood  counties  of  West  Virginia,  where  some  wells  show  a  great  thickness, 
the  whole  interval  being  filled  and  the  mass  being  continuous  with  reds 
alx)ve.  A  bed  25  feet  thick  in  W^etzel  county  may  belong  in  its  lower  part 
to  the  Upper  Mahoning,  and  thin  streaks  referable  to  this  interval  are 
reported  in  Greene  and  Washington  counties  of  Pennsylvania.  The  only 
occurrence  in  Ohio  is  a  bed  10  feet  in  Tuscarawas  county  resting  on  the 
Ijower  Mahoning,  but  this  may  belong  to  the  next  interval  above,  as  the 
Upper  Mahoning  is  not  present  in  Ohio.  Practically  the  reds  of  the 
Ifahoning  are  confined  to  the  four  central  counties  in  West  Virginia. 

Reds  of  the  interval  between  Mahoning  and  the  Cambridge  limestone 
are  more  widely  distributed.  They  are  thick  and  variable  in  Ritchie  and 
Wood,  very  thick  in  Calhoun,  less  thick  in  Jackson  and  Clay,  all  of  them 
in  the  central  area.  These  reds  are  found  elsewhere  in  widely  separated 
localities — ^Wetzel,  Webster,  Brooke,  and  Ohio  of  W^est  Virginia ;  Cambria, 
Indiana,  and  Westmoreland  of  Pennsylvania,  and  occasionally  in  the 
Hocking  valley  of  Ohio.  The  distribution  in  this  interval  is  certainly 
much  wider  than  in  the  Mahoning  inten^al,  but  away  from  the  central 
area  in  West  Virginia  their  occurrence  is  very  irregular  and  for  the  most 
part  the  beds  are  very  thin;  but  in  the  next  interval,  between  the 
Cambridge  and  Ames  limestones,  one  finds  a  great  expansion.  Imme- 
diately below  the  Ames  or,  if  present,  the  Harlem  coal  bed  is  the  mass 
termed  by  Doctor  White  the  Pittsburg  reds,  which  is  so  widespread  that 
it  deserves  to  be  ranked  with  the  most  persistent  beds  of  other  types.  In 
the  central  area — Lewis,  Gilmer,  Roane,  Ritchie,  and  Jackson  of  West 
Virginia — ^the  Pittsburg  reds  are  very  thick  and  at  times  continuous  with 
the  Washington  reds  above  the  Ames  limestone,  while  in  several  of  those 
counties  there  are  still  lower  Wds  within  this  interval.  In  Calhoun  and 
Wood  counties  the  Pittsburg  reds  are  less  important  than  in  the  other 
XIV— Bull.  Gsol.  Soc.  Am.,  Vol.  17.  1905 
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mentioned,  but  the  beds  are  thick  in  southeast  Washington  and  portions 
of  Meigs  and  Gallia  of  Ohio  and  they  seem  to  be  present  in  Boyd  of 
Kentucky.  Apparently,  however,  they  are  absent  in  Lawrence  of  that 
state,  as  they  are  not  shown  in  any  of  Professor  Crandall's  numerous 
sections.  Along  the  western  outcrop  in  Ohio  the  reds  of  this  interval  are 
wanting  or  very  thin  until  one  approaches  the  northern  border  in  Jeffer- 
son and  Columbiana  counties,  where  Newberry  reports  50  feet.  I'hey  are 
somewhat  irregular  along  the  northern  outcrop  and  in  the  first  bitu- 
minous basin  are  rarely  seen,  and  when  present  are  very  thin,  but  they 
are  present  and  well  marked  in  most  of  the  counties  west  from  Chestnut 
hill.  They  seem  to  be  wanting  in  the  northeast  corner  of  the  West  Vir- 
ginia field,  but  are  rarely  wanting  in  the  northern  counties  of  that  State. 
Reds  of  all  horizons  are  practically  absent  from  the  first  bituminous  basin 
of  Pennsylvania  and  are  insignificant  in  the  second. 

Immediately  above  the  Ames  is  another  deposit,  known  to  the  Ohio 
drillers  as  the  "Big  Red,"  which  may  receive  as  a  geographical  designa- 
tion the  name  Washington  reds,  its  stratigraphical  importance  having 
been  recognized  first  in  Washington  county  of  Ohio.  In  the  central  area — 
in  Lewis,  Gilmer,  Ritchie,  and  central  Roane  of  West  Virginia — the  mass 
is  thick,  at  times  apparently  continuous  with  the  Pittsburg  reds  below 
and  not  rarely  extending  upward  into  the  Morgantown  interval.  Away 
from  this  area,  eastwardly  and  northwardly,  it  is  irregular;  it  seems  to 
be  wanting  along  the  eastern  outcrop,  is  indefinite  northwestwardly  to- 
ward the  Panhandle,  but  is  well  marked  in  Marion  and  Monongalia 
counties,  one  well  showing  it  evidently  continuous  with  the  Pittsburg 
reds  and  another  showing  it  extending  into  the  Morgantown  interval. 
It  is  reported  in  one  Washington  County  well,  but  elsewhere  in  Penn- 
sylvania it  seems  to  be  wanting  except  in  northern  Allegheny.  West  from 
the  area  of  greatest  development  it  is  not  reported  in  the  wells  of  Wood 
and  Jackson,  but  in  Pleasants,  north  from  Wood,  it  is  thick,  while  in 
Washington  of  Ohio,  adjoining  Pleasants  of  West  Virginia,  it  is  from 
74  to  100  feet  thick ;  thence  westwardly  and  southwestwardly  it  is  thin 
and  irregular,  but  northwestwardly  it  persists  into  Muskingum^county, 
where  it  is  usually  thin,  though  60  feet  thick  at  one  locality;  thence 
northwardly  it  is  evidently  absent. 

The  interval  between  the  Morgantown  sandstone  and  the  Pittsburg 
coal  bed  frequently  shows  red  beds,  but  these  are  extremely  irregular  in 
thickness  and  distribution.  They  occur  especially  within  the  central  area, 
already  referred  to,  where  sometimes  they  are  continuous  with  the  Wash- 
ington, while  in  many  wells  within  Ritchie,  Calhoun,  Roane^  and  Jack- 
son the  reds  of  this  interval  are  almost  or  altogether  continuous  with  a 
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higher  horizon  which,  notably  in  Wood  of  West  Virginia  and  Washington 
of  Ohio,  extends  well  up  into  the  Monongahela :  but  in  probably  by  far 
the  greater  portion  of  the  Conemaugh  area  red  beds  are  wholly  absent 
above  the  Morgantown  sandstone. 

The  horizontal  expansion  of  the  reds  reached  its  maximum  during  the 
interval  between  the  Cambridge  and  Ames  limestones,  reaching  then  even 
to  the  southeastern  outcrop,  as  it  exists  today;  thenceforward  the  area 
constantly  decreased  until  toward  the  close  of  the  Conemaugh  it  included 
only  the  several  counties  of  West  Virginia  spoken  of  as  the  central  area. 
The  conditions  prevailing  during  deposit  of  the  Pittsburg  reds  did  not 
return  until  well  on  in  the  Dunkard  formation. 

The  non-conformabilities  within  the  Conemaugh  are  not  great  in  ab- 
solute measure,  but  they  are  proportionately  great,  for  the  formation 
loses  half  its  thickness  in  passing  from  the  east  to  the  west  side  of  the 
basin.  This  is  in  accord  with  conditions  observed  in  the  earlier  forma- 
tions, the  extent  of  subsidence  decreasing  toward  the  west.  But  while 
this  decrease  is  noticeable  in  all  of  the  intervals  it  is  especially  note- 
worthy in  the  Mahoning  and  Morgantown,  the  Upper  Mahoning  being 
unrepresented  in  Ohio  and  the  Morgantown  being  insignificant,  so  that 
the  Ames  limestone  remains  in  Ohio,  as  in  Pennsylvania,  almost  midway 
between  the  Upper  Freeport  and  Pittsburg  coal  beds. 

EAST  FROM   THE  ALLEOHBNlEa 

The  Conemaugh  is  somewhat  more  than  500  feet  thick  in  the  Broad  Top 
coal  field,  but  above  the  Mahoning  it  is  ill-exposed  and  available  detaili^ 
are  few.  A  coal  bed,  2  to  4  feet  thick,  known  in  Huntingdon  county  as 
the  Dudley,  occurs  at  a  few  feet  above  the  Mahoning  in  all  parts  of  the 
field  and  is  about  400  feet  below  the  bed  there  accepted  as  the  Pittsburg. 
In  Huntingdon  it  underlies  a  massive  sandstone,  but  in  Bedford  the 
overlying  rock  for  30  feet  is  shale.  The  Mahoning  is  double,  the  section 

in  Bedford  county  being 

Feet 

Sandstone    50 

Coal  bed 1 

Clay    3 

Sandstone    40 

The  upper  plate  varies  from  coarse  grained  and  somewhat  conglomerate 
to  fine  grained  and  even  shaly,  but  the  lower  plate,  25  to  40  feet  thick, 
is  usually  massive  and  conglomerate,  sometimes  almost  wholly  made  up 
of  white  quartz  pebbles.  The  coal  bed  known  as  the  Speer  in  Bedford 
county  occasionally  becomes  workable,  but  it  disappears  northward  and 
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appears  to  be  absent  from  Huntingdon  county.   This  bed  is  at  the  Gal- 
litzin  horizon  and  the  Dudley  is  at  that  of  the  Brush  Creek.* 

The  Georges  Creek  and  Potomac  area  is  farther  southwest,  beginning 
in  Bedford  and  Somerset  counties  of  Pennsylvania  and  continuing  across 
Maryland  into  West  Virginia.  The  observations  in  Pennsylvania  are 
somewhat  conflicting,  but  the  sections  are  clear  in  the  other  states.  The 
intervals  at  Barton  in  Maryland  are: 

Feet        iDctaeB 

1.  Pittsburg  coal  bed 

2.  Shales,  sandBtone,  and  concealed 143  9 

3.  Franklin  coal  bed  and  partings 6  10 

4.  Shales,  sandstone,  and  concealed  259  0 

5.  Bakerstown  coal  bed 3  0 

0.  Cloncealed  and  sandstone 92  0 

7.  Masontown  coal  bed  1  7 

8.  Shale  and  sandstone 51  5 

9.  Sandstone  33  6 

10.  Shale   3  6 

11.  Upper  Freeport  coal  bed 

Total   694  7 

The  Franklin,  or  "Dirty  Nine-foot,"  coal  bed  is  thought  by  Doctor  Mar- 
tin to  be  at  the  Little  Clarksburg  horizon.  The  Bakerstown  is  evidently 
the  Barton  of  Tyson ;  farther  southwest,  at  Blaine,  it  is  about  357  feet 
below  the  Pittsburg  and  about  90  feet  above  the  Masontown,  which  is  the 
Brush  creek.  This  lower  bed  at  Blaine  underlies  the  fossiliferous  Brush 
Creek  limestone,  which  is  associated  with  its  characteristic  black  shale. 

The  horizon  of  the  Mahoning  coal  bed  is  marked  at  many  places  by 
coal  seldom  more  than  20  inches  thick,  and  at  one  locality  in  West  Vir- 
ginia Doctor  White  saw  a  great  thickness  of  limestone  at  the  Mahoniug 
horizon.  The  Brush  Creek  coal  bed  is  thoroughly  persistent,  usually  less 
than  2  feet  thick,  though  at  times  yielding  nearly  3  feet  of  coal  and  in 
one  instance  swelling  to  a  mass  9  feet  thick,  with  five  benches  of  coal  3 
feet  8  inches  in  all.  At  one  locality  it  shows  1  foot  of  coal  underlying  5 
feet  of  black  shale  with  coal  streaks,  while  at  another  the  upper  part  for 
2  feet  5  inches  is  an  alternation  of  bone,  slate,  and  coal.  The  Barton  is 
variable,  but  locally  becomes  thick  and  good.  The  variations  in  this  bed, 
as  shown  by  figures  in  volume  v,  are  worthy  of  careful  study,  for  the  bed 
varies  from  apparently  solid  coal  3  feet  thick  to  a  double,  triple,  or  even 
quadruple  bed  with  thick  bone  at  top  or  bottom,  while  at  times  it  is  a 

*  J.  J.  Steveneon :  Bedford  and  Folton  counties  (T  2),  pp.  242.  650-602. 
I.  C.  White:  Huntingdon  county  (T  3).  pp.  47-60. 
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mass  of  black  shale  with  only  thin  streaks  of  coal.   All  of  these  changes 
appear  within  an  insignificant  area. 

The  Harlem  (Friendsville)  coal  bed  has  been  recognized  in  the  north- 
em,  or  Georges  Creek,  region  at  about  100  feet  above  the  Barton,  but  it 
is  very  thin.  The  Elk  Lick  coal  bed  and  another  a  few  feet  higher  seem 
to  be  equally  persistent.  The  Franklin,  certainly  very  near  the  Little 
Clarksburg  horizon,  shows  variations  as  abrupt  and  as  interesting  as  those 
of  the  Barton  and  Brush  Creek.  A  bed  at  50  to  90  feet  below  the  Pitts- 
burg, sometimes  divided  into  two  beds,  is  correlated  with  the  Little  Pitts- 
burg of  western  areas.  The  unstable  conditions  still  prevail,  for  the  bed  • 
is  often  broken  by  partings  whose  thickening  leads  to  distinct  division  of 
the  bed. 

In  Tucker  county  of  West  Virginia  Doctor  White  finds  coal  beds  at 
16,  130,  173,  204,  and  404  feet  below  the  assumed  place  of  the  Pittsburg 
coal  bed,  the  lowest  being  180  feet  above  the  Upper  Freeport.  The  only 
limestone  is  20  feet  thick  and  42  feet  above  the  Upper  Freeport ;  there- 
fore at  the  Mahoning  horizon.  The  lowest  coal  bed  is  not  far  from  the 
place  of  the  Barton,  but  the  relations  of  the  higher  beds  can  hardly  be  de- 
termined in  the  present  state  of  infonnation. 

The  exposed  sections  and  bore-hole  records  show  no  red  shales  in  the 
Conemaugh  east  from  the  Alleghenies. 

Professor  Clark  and  his  associates  have  recognized  the  Morgantown  and 
Connellsville  sandstones  as  well  as  the  Pittsburg  and  Clarksburg  lime- 
stones; whether  or  not  the  correlations  of  the  several  coals,  limestones, 
and  sandstones  be  absolutely  exact  is  unimportant ;  they  show  sufficiently 
the  similarity  of  conditions  east  and  west  from  the  Allegheny  mountains.* 

FIRST  BITUMINOUS  COAL  BASIN  OF  PENNSYLVANIA 

The  Conemaugh  is  recognizable  in  this  basin  with  certainty  no  farther 
north  than  Center  county,  where  a  few  feet  of  rock  overlie  the  Upper 
Freeport  coal  bed.  In  Clearfield  county  Doctor  Chance  finds  the  Ma- 
honing at  Morrisdale  with  the  Gallitzin  coal  bed  near  the  bpttom  and 
separated  by  40  or  50  feet  of  shaly  measures  from  a  coal  bed  which  he 
correlates  with  the  Upper  Freeport.  Xear  Houtzdale,  8  miles  southwest. 
Doctor  White's  section  shows  the  Mahoning  100  feet  thick  and  holding  the 

•  I.  C.  White :  Geology  of  West  Virginia,  vol.  ii.  p.  285. 
C.  C.  O'Harra:  Maryland  Survey,  Allegany  county,  p.  119. 
C.   S.  Prosser  cited  In  same,  p.  122. 
O.  C.  Martin:  Garrett  county,  pp.  127-128,  134. 
W.  B.  Clark  et  al. :  Vol.  ▼,  pp.  307-308,  844.  348-340,  850-368,  372,  376. 
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Gallitzin.  The  Mahoning  is  often  represented  by  pebbly  rock  in  the 
southern  part  of  the  county,  but  it  is  mere  shale  quite  as  frequently.* 

Almost  iSO  feet  of  Conemaugh  remain  in  northern  Cambria,  but  ex- 
posures for  measurement  are  reached  first  at  Bennington  on  the  Cambria- 
Blair  border,  20  miles  south  from  the  Clearfield  line.  There  Mr  Piatt's 
section  shows  a  10-inch  coal  bed  separated  by  35  feet  of  shaly  measures 
from  the  Upper  Mahoning  sandstone,  50  feet  thick,  which  overlies  a  2 
feet  8  inches  coal  bed,  with  55  feet  of  shaly  beds  intervening  to  the 
Upper  Freeport  coal  bed.  The  highest  coal,  142  feet  above  the  Upper 
Freeport,  seems  to  be  the  Brush  Creek  and  the  intermediate  bed  is  the 
Gallitzin.  At  Gallitzin,  a  few  miles  west  in  Cambria,  Doctor  White  finds 
the  Brush  Creek  140  feet  above  the  Upper  Freeport;  but  at  Cresson  the 
section  shown  in  a  shaft  is: 

Feet        Inches 

1.  Slates eo  0 

2.  Sandstone  ....< 9  0 

3.  Fireclay 8  0 

4.  Sandstone  109  0 

5.  Coal   1  0 

6.  Fireclay 9  0 

7.  Sandstone 17  0 

8.  01ay»  shale,  sandstone  34  0 

9.  Sandstone  33  6 

10.  Slate  and  sandstone 14  0 

11.  Upper  Freeport  coal  bed 

This  is  not  unlike  sections  in  the  second  basin  and  one  may  regard  the 
coal,  Xumber  5,  as  an  upper  split  of  the  Gallitzin,  the  place  of  a  lower 
split  being  on  top  of  the  fireclay,  Number  8. 

Mr  Fulton's  section  near  Johnstown,  in  southwest  Cambria,  shows  the 
Qallitzin  at  67  feet  above  the  Upper  Freeport  with  the  Mahoning  lime- 
stone or  Johnstown  ore  at  a  few  feet  below  it.  The  Brush  Creek  coal  bed 
is  absent  and  at  148  feet  above  the  Upper  Freeport  is  a  red  bed,  this  being 
the  most  northerly  locality  at  which  red  shale  occurs.  The  section  extends 
upward  to  302  feet,  but  neither  here  nor  at  Cresson  are  there  aay  traces 
of  the  Barton  coal  bed  or  of  the  limestones  belonging  in  that  interval,  f 

In  the  deep  Salisbury  subbasin  of  southeastern  Somerset  county  a  full 
section  may  be  compiled  from  the  measurements  made  by  F.  and  W.  Ci. 
Piatt,  which  accords  somewhat  closely  with  that  made  by  Doctor  White 

•  H.  M.  Chance:  Revision  of  Clearfield  county   (H  7). 

I.  C.  White:  U.  8.  Geol.  Survey  Bull.  no.  65,  p.  124. 
•j-F.  Piatt:   (T).  p.  95;   (H  2),  p.  61. 

J.  Fulton:    (H  2),  p.  97. 

A.  A.  ProBser  and  D.  B.  Hardin :  Appendix  to  H  3,  p.  369. 
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in  the  same  area.  The  Conemaugh  is  600  feet  thick  and  contains  many 
foal  beds  and  limestones^  several  of  which  can  not  be  correlated  with  any 
beds  in  basins  farther  west.  A  sandstone^  apparently  the  Morgantown, 
and  77  feet  thick,  rests  on  the  Elk  Lick  coal  bed,  which  at  the  typical 
locality  overlies  the  Elk  Lick  limestone,  8  feet  thick.  At  about  80  feet 
lower  is  a  limestone  which  Doctor  White  correlates  with  the  Ames.  It  is 
from  300  to  320  feet  below  the  Pittsburg  coal  bed  and  overlies  a  thin  coal 
correlated  with  the  Harlem.  The  Brush  Creek  coal  bed  is  at  100  feet 
above  the  Upper  Freeport,  and  at  a  few  feet  higher  is  a  limestone  which 
has  been  correlated  with  the  Brush  Creek.  This  immediately  underlies 
a  thin  coal  bed,  the  Philson  of  W.  6.  Piatt.  All  of  the  limestones  are 
non-fossiliferous.  These  coal  beds  and  limestones  seem  to  be  persistent 
in  the  northwestern  part  of  the  county  and  2  feet  of  red  shales  are  asso- 
ciated there  with  the  Ames  limestone,  the  most  northerly  appearance  of 
the  "Pittsburg  reds."  Farther  south  on  this  west  side,  near  Bakersville, 
Mr  Piatt  found  a  dark  fossiliferous  limestone,  evidently  the  Brush 
Creek,  while  still  farther  south  are  two  limestones,  60  to  70  feet  apart, 
of  which  the  upper  is  clearly  the  Ames,  as  shown  by  its  fossils  as  well  as 
its  physical  character,  while  the  lower  may  be  at  the  Cambridge  horizon. 

A  compiled  section  in  the  southwestern  part  of  the  county  shows  the 
Brush  Creek  coal  bed  (Rose  of  F.  Piatt)  at  263  feet  l)elow  the  Elk  Lick 
limestone  and  105  feet  above  the  Upper  Freeport.  The  coal  bed  under- 
lies black  shales  with  calcareous  nodules,  representing  the  Brush  Creek 
limestone  and*  black  shale.  The  intervals  decrease  southwardly  and 
westwardly ;  at  Confluence,  near  the  western  border,  the  interval  between 
Elk  Lick  limestone* and  Upper  Freeport  is  345  feet,  but  within  five  miles 
eastwardly  it  increases  to  375  feet.* 

Passing  over  into  Garrett  county  of  Maryland,  one  finds  Mr  Martin's 
section  on  Castleman  river,  in  the  Salisbury  subbasin,  and  another  at 
Friendsville,  in  the  Johnstown  subbasin. 

In  the  former  the  Little  Pittsburg  coal  bed  is  present,  but  without  its 
Umestone,  and  a  thin  coal  bed  at  137,  the  same  with  that  seen  by  W.  G. 
Piatt  in  Somerset  county,  may  be  the  Little  Clarksburg.  The  Ames 
limestone  at  328  feet  below  the  Pittsburg  is  present  with  all  its  charac- 
teristic features  and  overlies  directly  the  Harlem  coal  bed  (Friendsville 
of  Martin).  The  Barton  (Bakerstown)  coal  bed  is  here  and  red  shales 
appear  50  feet  below  it  at  the  horizon  of  those  seen  in  eastern  part  of 
Cambria.     The   Brush    Creek   limestone    (Ijower   Cambridge)    is   dark 

•  F.  and  W.  G.  Piatt:    (H  3),  pp.  23,  40,  63,  76,  179,  223,  239,  244,  258,  266,  282. 
I.  C.  White:  U.  S.  Gcol.  Survey  BuU.  no.  65,  p.  76. 
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colored  and  foBsiliferous,  with,  below  it,  the  Brush  Creek  coal  bed  at  97 
feet  above  the  Upper  Preeport. 

The  Clarksburg  limestone  is  present  in  the  Friendsville  section  at  39 
feet  above  the  Morgantown  sandstone,  which  is  84  feet  thick  and  in  part 
conglomerate.  The  Elk  Lick,  Harlem,  Barton,  Brush  Creek,  and  Gallit- 
zin  coal  beds  are  all  present,  though  all  are  thin,  none  exceeding  1  foot 
9  inches.  The  Elk  Lick,  Ames,  Cambridge,  and  Brush  Creek  limestones 
are  distinct,  though  the  first  is  practically  only  calcareous  shale,  and  all 
except  the  Elk  Lick  are  fossiliferous.  Red  shale  is  associated  with  the 
Cambridge  limestone  at  nearly  200  feet  above  the  Upper  Freeport. 
There  is  much  sandstone  above  the  Clarksburg  limestoiie  and  some  of  it 
is  conglomerate,  representing  perhaps  the  Connellsville  sandstone.  • 

aSCOND  BITUMINOUS  COAL  BASIN  OP  PENNSYLVANIA 

Within  the  Second  basin  the  Mahoning  is  present  in  small  areas  as  far 
north  as  northern  Center  county,  where  it  is  the  protecting  cover  for  the 
Upper  Freeport  coal  bed.  At  Karthaus,  in  Clearfield,  Mr  James  de- 
scribes it  as  72  feet  thick,  with  a  2  feet  coal  bed,  the  Gallitzin.  Doctor 
Chance's  section  in  southern  Clearfield  shows  two  ^ndstonc  plates,  40 
and  50  feet  respectively,  separated  by  30  feet  of  shale,  which  holds  at  the 
bottom  the  Gallitzin  coal  bed  and  the  Mahoning  limestone,  this  being 
the  most  northerly  point  at  which  that  limestone  has  been  observed.  The 
lower  Mahoning  is  coarse  and  at  times  conglomerate.! 

Mr  d'lnvilliers  obtained  a  number  of  sections  within  a  small  area  in 

northwestern  Cambria,  which  illustrate  the  variability  of  the  lower  part 

of  the  Conemaugh.    Two  of  these  are : 

Feet.  Inches.  Feet 

1.  Shales    20  0  20 

2.  Sandstone  95  0  85 

3.  Shales    25  0  40 

4.  Coal  bed  0  8  2 

Ti.  Shales    35  0  60 

6.  Sandstone  40  0  35 

215  8        242 

In  these  there  are  two  plates  of  sandstone,  as  in  southern  Clearfield, 
and  in  each  case  a  coal  bed  above  the  middle.  The  bottom  of  the  upper 
plate  is  at  100  and  137  feet  above  the  Upper  Freeport  and  the  coal  bed  at 
75  and  95.     In  another  section  the  coal  bed  is  at  137  feet,  with  only 

•  G.  C.  Martin  :  Garrett  county,  pp.  128,  130,  134-135,  138-138. 
tH.  M.  Chance:  (H  7),  p.  132. 
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sjindstone  in  the  interval  to  the  Upper  Freeport,  while  in  a  fourth  the 
bottom  of  the  upper  sandstone  is  at  141  feet,  the  interval  containing 
aside  from  shale  three  thin  coal  beds  at  25,  75,  and  141  feet.*  The  two 
sandstone  plates  are  apparently  the  same  with  those  seen  near  by  in 
Clearfield,  but  the  intervening  shales  have  become  thicker,  so  that  the 
Mahoning  in  two  of  the  sections  is  about  220  feet  thick  instead  of  120, 
88  in  Clearfield.  The  several  coal  beds  may  be  taken  as  representing  the 
Gallitzin  horizon,  and  in  following  the  section  southward  this  interpre- 
tation will  be  accepted. 

In  northeastern  Indiana  county,  west  from  Cambria,  Mr  Piatt  found 
at  4  or  5  miles  west  from  the  area  of  Mr  d'Invilliers'  sections  a  coal  bed 
at  90  feet  above  the  Upper  Freeport,  separated  by  40  feet  of  shale  from 
the  massive  "Mahoning*'  sandstone  which  rests  directly  on  the  Upper 
Freeport.  At  a  mile  or  so  farther  west  he  saw  a  coal  at  60  feet  above 
that  coal  bed,  and  at  a  little  distance  farther  measured  this  section : 

Feet.  Inches 

1.  Thin  sandstone  and  sandy  shale 47  0 

2.  Slates    5  0 

3.  Philson  coal  bed  [Upper  Gallitzin] 3  1 

4.  Concealed  50  0 

5.  Gallitzin  coal  [Lower  Gallitzin] 3  0 

6.  Mahoning  sandstone  [Lower  Mahoning] 65  0 

173  1 

to  the  Upper  Freeport  coal  bed,  the  same  with  the  Cambria  condition. 
No  trace  of  any  higher  coal  bed  was  seen.  About  8  miles  farther  south 
and  3  miles  west  from  the  Cambria  line  the  section  reaches  to  a  massive 
sandstone  which  Mr  Piatt  correlates  with  the  Morgantown.  It  is  prob- 
able that  here,  as  in  northern  Westmoreland,  that  sandstone  is  continuous 
downward  to  the  Ames  horizon,  and  that  the  coal  bed  here  called  Elk 
Lick  is  in  fact  the  Harlem.  At  130  feet  below  this  coal  bed  is  a  Black 
Fossiliferous  limestone,  212  feet  above  the  I7pj)er  Freeport.  The  Black 
limestone  overlies  a  mass  of  limestone  and  shale  26  feet  thick,  its  bottom 
35  feet  above  a  thin  coal  bed.  The  whole  mass  represents  the  Brush 
Creek  limestone,  while  at  65  feet  higher  is  a  thin  limestone  which  may 
be  at  the  Cambridge  horizon.  The  Brush  Creek  and  Upper  Gallitzin 
coals  are  at  152  and  120  feet  above  the  Upper  Freeport.  Three  or  four 
miles  southwest  on  the  Conemaugh  river  the  section  is : 

*  E.  V.  d*IovilllerB :  Final  Summary  Report,  pp.  418,  419. 
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Feet       Inches 

1.  Shales,  with  2  feet  red  band  at  25  feet  from  top    62  0 

2.  Upper  Mahoning  sandstone 20  feet  '\ 

Upper  Mahoning  shale 10  feet  v  45  0 

Upper  Mahoning  sandstone 15  feet ) 

3.  Philson  coal  [Upper  Gallltziu]  0  6 

4.  Limestone  [Upper  Mahoning]  5  0 

5.  Fireclay,  sandstone,  rusty  shale 20  0 

6.  Gallitzin  coal  [Lower  Gallitzin] Trace 

7.  Black  shale  4  0 

8.  Limestone  [Lower  Mahoning] 4  0 

9.  Lower  Mahoning,  mostly  sandstone 55  0 

giving  133  feet  for  the  Mahoning,  with  both  Gallitzin  coal  beds  accom- 
panied by  limestone.  The  Brush  Creek  limestone  belongs  in  the  upper 
half  of  Number  1.* 

This  conclusion  respecting  the  relations  of  the  Black  Fossiliferous 
limestone  is  confirmed  by  Stevenson's  section  on  the  Conemaugh  river  in 
Westmoreland  county  near  tlie  Cambria  line,  where  that  limestone  is  170 
feet  above  the  Upper  Freeport  and  30  feet  above  the  top  of  the  Mahoning. 
The  last  consists  of  two  sandstone  plates,  45  and  50  feet  respectively, 
separated  by  45  feet  of  variegated  clays,  in  all  140  feet,  with  the  Upper 
Gallitzin  directly  underlying  the  upper  plate,  f  The  interval  from 
Upper  Freeport  to  Gallitzin  is  25,  and  that  to  the  Brush  Creek  limestone 
is  42  feet  less  than  at  4  miles  north  in  Cambria  county.  Within  a  mile 
or  two  farther  south  the  ITpper  Gallitzin  is  about  50  feet  above  the 
Lower  Mahoning  and  10  feet  below  the  Upper,  and  the  Upper  Mahoning 
limestone  underlies  it  by  6  to  20  feet.  The  Upper  Gallitzin  was  seen 
again  at  3  or  4  miles  southeast,  where  the  T^wer  Gallitzin  is  present 
though  only  3  inches  thick.  Farther  south,  at  12  miles  from  the  Cone- 
maugh river  and  still  on  the  east  side  of  the  basin,  the  Ames  and  Brush 
Creek  limestones  were  seen,  126  feet  apart  by  barometer,  each  thoroughly 
characteristic  and  the  latter  overlying  the  Brush  Creek  coal  bed,  8  inches 
thick.     A  coal  bed,  evidently  the  I^ower  Gallitzin,  is  at  100  feet  lower. 

An  incomplete  section  obtained  midway  in  the  basin  near  Ligonier 
shows  a  Little  Pittsburg  coal  bed  at  60  feet  below  the  Pittsburg,  resting 
on  its  limestone,  which  is  persistent.  Another  coal,  at  140  feet,  with  an 
uncertain  limestone,  may  represent  the  Little  Clarksburg  horizon.  The 
Morgantown  sandstone,  beginning  at  160  feet  and  115  feet  thick,  ex- 
tends downward  to  the  Ames  horizon,  while  at  18  feet  below  it  is  a  coal 
bed  correlated  by  Stevenson  with  the  Elk  Lick.     It  is  the  Harlem,  and 

•W.  G.  Piatt:   (H  4),  pp.  76,  100,  103,  121,  125,  128. 

t  The  error  of  correlating  the  Upper  (iallitzln  with  the  Philson  of  BomerMt  county 
affects  the  work  of  both  W.  G.  Piatt  and  Stevenson  throughout  the  Second  basin. 
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the  fragments  of  Ames  limestone  seen  below  it  belong  above.  Here,  as 
in  Cambria  county,  a  limestone  2  feet  thick  is  found  at  about  50  feet 
below  the  Harlem  coal,  and  that  coal  bed  is  approximately  223  feet 
above  the  Upper  Gallitzin  (Philson  of  the  text).  The  Brush  Creek  lime- 
stone is  exposed  at  many  places,  and  at  one  exposure  the  Barton  coal  was 
seen  at  80  feet  above  it.  The  Upper  Mahoning  is  usually  thin  in  the 
southern  part  of  the  county  and  the  Lower  Mahoning  is  apt  to  be  shaly. 
The  I'pper  Gallitzin  coal  is  persistent  in  this  portion  of  the  area  and  at 
one  locality  near  the  Fayette  County  line  the  Lower  Gallitzin  with  the 
Jjower  Mahoning  limestone  is  only  36  feet  8  inches  above  the  Upper 
Freeport.* 

In  Fayette  county,  midway  in  the  basin  and  6  miles  south  from  the 
Westmoreland  line,  the  Harlem  coal  bed  (Elk  Lick  in  the  text)  is  306 
feet  above  the  Upper  Freeport  and  overlies  the  "Pittsburg  reds,*'  20  feet 
thick.  One  hundred  feet  lower  is  a  coarse  pebbly  sandstone  termed 
Salzburg  by  Stevenson,  40  feet  thick ;  near  by,  the  Brush  Creek  coal  is  at 
138  and  the  Lower  Gallitzin  at  45  feet  above  the  Upper  Freeport.  South 
from  the  Youghiogheny,  on  the  east  side  of  the  basin,  the  Barton  coal 
was  seen  at  238,  the  Salzburg  sandstone  at  170,  and  the  Brush  Creek 
coal  at  138  feet  above  the  Upper  Freeport,  the  Barton  being  associated 
with  red  shale.  This  Salzburg  sandstone  is  practically  equivalent  to  the 
Buffalo  sandstone  of  Doctor  White  and  it  can  hardly  include  the  sand- 
stone overlying  the  Cambridge  limestone.  The  Gallitzin  coal  bed,  single 
in  this  county,  is  at  50  to  65  feet  above  the  Upper  Freeport  and  its  under- 
lying limestone  appears  occasionally  in  the  sections.  The  Ames  and 
Brush  Creek  limestones  are  present  on  the  west  side  of  the  basin.  Ex- 
posures are  few  and  in  most  cases  imperfect  throughout  this  basin  south 
from  Clearfield  county,  f 

In  Preston  county  of  West  Virginia  Doctor  White  examined  diamond 
drill  cores  obtained  near  Masontown  about  10  miles  south  from  the  state 
line.     One  of  them  shows: 

Feet.  Inches 

1.  Barton  coal  bed  

2.  Interval  to  t)oring  47  0 

3.  Sandstone  8  6 

4.  Fireclay  and  shale   19  0 

5.  Pebbly  sandstone  [Buffalo] 54  0 

6.  Black      shale     and      fossiliferous      limestone 

[Brush  Creek]    5  9 

7.  Coal  bed  [Brnsh  Creek]  0  9 

8.  Fireclay,  green  shale,  sandstone,  and  fireclay. . .  42  5 

9.  Sandstone,  shaly  at  bottom   35  4 

•J.  J.  StcTeoBon:   (K  3),  pp.  115,  116,  117,  120,  121,  129,  138,  163,  170,  172. 
I  J.  J.  StcTenion:  (K  8),  pp.  67.  84,  01.  110,  113. 
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to  the  Upper  Freeport.  The  Barton  is  134  feet  above  the  Brush  Creek, 
which  is  78  feet  above  the  Tipper  Freeport.  Here  the  Buffalo  sandstone 
overlies  the  Brush  Creek  limestone  directly  and  there  is  no  trace  of  the 
Cambridge.  Another  boring,  barely  a  mile  away,  shows  the  Barton  only 
86  feet  above  the  bottom  of  the  Black  fossiliferous  shales,  which  are  101 
feet  above  the  Upper  Freeport.  There  also  the  coarse  Buffalo  sandstone 
overlies  the  black  shale;  but  at  5  miles  northwest,  in  the  Third  basin, 
the  interval  from  Brush  Creek  limestone  to  the  Upper  Freeport  is  but  50 
feet.  In  all  of  the  cores  that  limestone  and  its  shales  are  characteristic, 
both  of  them  black  and  richly  charged  with  fossils. 

The  Mahoning  is  very  thick  in  the  northern  part  of  the  basin,^  but  be- 
comes thinner  southward,  while  the  interval  between  Brush  Creek  and 
Ames  limestones,  small  at  the  north,  increases  southward,  so  that  toward 
the  West  Virginia  line  the  section  becomes  comparable  with  those  in  the 
Third  basin  and  beyond. 

Measurements  by  Doctor  White  at  Newburg,  10  miles  south  from 
Masontown,  show  the  interval  above  the  Ames  to  the  Pittsburg  thicker 
than  in  Westmoreland  county.  The  Elk  Lick  coal  bed  is  at  259  feet 
below  the  Pittsburg  and  the  Ames  is  represented  by  shales  at  344  to  35T, 
with  the  Harlem  coal  bed  at  357.* 

In  Preston  county  the  second  basin  becomes  continuous  with  the  third. 

WESTERN   BITUMINOUS  BASINS   OF  PENNSTLVANIA 

The  Mahoning  is  present  in  small  patches  within  southern  Elk  county, 
where  it  is  in  two  more  or  less  shaly  divisions  separated  by  a  thin  Uallit- 
zin  coal  bed.f 

Mr  Piatt's  report  shows  scattered  areas  of  Conemaugh  in  Jefferson 
county,  but  except  in  the  eastern  portion,  near  Chestnut  ridge,  the  thick- 
ness remaining  rarely  exceeds  100  feet.  In  Clarion,  west  from  Jefferson, 
some  insignificant  fragments  remain,  but  the  exposures  are  too  imperfect 
for  measurement. 

The  information  respecting  eastern  Jefferson  is  indefinite,  as  the  ex- 
posures seem  to  be  very  poor.  Coal  beds  were  seen  in  the  east-central 
part  of  the  county  at  85  and  105  feet  above  the  Upper  Freeport,  while  on 
the  Indiana  border  at  the  south  are  beds  at  135,  310,  and  385  feet,  the 
last  one  15  feet  l)elow  an  argillaceous  limestone,  403  feet  above  the 
Upper  Freeport.  Two  beds  of  red  shale,  2  and  6  feet  respectively,  are  at 
185  and  222  feet,  but  the  whole  column  is  without  notable  sandstone  ex- 
cept at  the  bottom,  where  the  "Mahoning"  is  a  massive  rock.     This 

*  I.  C.  White :  Geology  of  West  VlrglDla,  vol.  11.  pp.  233,  269,  310. 
tC.  A.  Ashburner:  (B  R),  pp.  209,  227. 
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Mahoning,  from  50  to  70  feet  thick,  varies  somewhat  abruptly  from  mass- 
ive and  coarse,  even  pebbly,  to  shaly.  Limestones  are  reported  at  70, 
90,  and  other  distances  above  the  Upper  Freeport,  but  for  the  most  part 
the  intervals  as  given  are  merely  estimates  and  the  matter  is  indeterminate 
throughout.  The  Gallitzin  coal  bed  seems  to  be  present  in  Gaskill  town- 
ship, on  the  Indiana  border,  where  it  rests  on  the  "Mahoning,"  and  the 
coal  bed  in  Young  township,  the  next  west,  at  138  feet,  may  be  the  Brush 
Creek.* 

The  section  is  still  obscure  in  northern  Indiana  west  from  Chestnut 
ridge.  In  the  central  part  of  the  county,  12  miles  south  from  the  Jeffer- 
son line,  Mr  Piatt  finds  coal  beds  at  40,  95,  147,  and  177  feet  above  the 
Upper  Freeport.  That  at  147  is  not  far  from  the  place  of  the  Brush 
Creek,  for  the  lower  coals  are  clearly  the  Gallitzin  beds,  as  they  are  ac- 
eompapied  by  the  Upper  and  Lower  Mahoning  limestones,  the  Upper 
l)eing  represented  by  calcareous  ore,  which  Mr  Piatt  correlates  with  the 
"Johnstown  ore"  of  Cambria  coimty.  The  "Mahoning^'  of  Jefferson  is 
evidently  th6  Lower  Mahoning.  Farther  southwest,  between  Blairsville 
and  Chestnut  ridge,  the  whole  of  the  Conemaugh  is  present.  The  Pitts- 
burg limestone  and  shale,  beginning  at  20  feet  below  the  coal,  are  7  feet 
thick.  A  Little  Pittsburg  coal  with  its  limestone  persists  at  45  feet, 
while  at  125  feet  is  a  coal  and  limestone  exposure  which  may  be  at  the 
Little  Clarksburg  horizon.  Mr  Piatt  finds  a  massive  sandstone,  40  feet 
thick,  beginning  at  145  feet,  which  he  takes  to  be  the  Morgantown ;  but 
it  is  extremely  variable,  for  2  miles  away  the  interval  is  occupied  by 
shales  containing  two  red  bands  5  and  3  feet,  another  bed  of  7  feet  being 
found  at  210.  The  place  of  the  Ames  limestone  is"  concealed  in  most 
of  the  sections  reported,  but  that  bed  was  seen,  3  feet  thick,  at  9  miles 
north  from  Blairsville,  where  it  overlies  the  thick  "Pittsburg  reds"  and 
is  by  barometer  280  feet  above  the  Upper  Freeport.  The  Brush  Creek 
(Black  Foesiliferous)  limestone  was  not  seen  by  Mr  Piatt  and  in  all 
probability  it  is  wanting,  as  the  Mahoning  is  very  thick  in  this  corner  of 
the  county.  If  present  it  should  be  at  about  130  feet  below  the  Ames. 
The  thickness  of  the  Conema%h  as  determined  from  exposures  by  Mr 
Piatt  is  approximately  600  feet,  but  Mr  Richardson  gives  it  as  675  feet 
in  the  deep  boring  at  Blairsvillcf  Mr  Piatt  thinks  the  Mahoning  at 
least  160  feet  thick  east  from  Blairsville,  where  an  exposure  shows 
Upper  Mahoning  massive,  somewhat  pebbly,  and  50  feet  thick.  The 
Gallitzin  (Philson)  coal  bed  is  in  three  benches  and,  including  8  feet  of 

♦W.  G.  Piatt:   (H  6).  pp.  21-23,  35,  73-74,  124. 

|G.  B.  Rlchardaon:  U.  8.  Geol.  Surrey  folios,  Indiana  (102),  1904. 
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clay  partings,  is  11  feet  9  inches  thick,  with  the  Mahoning  limestone 
5  feet  thick  and  2  feet  6  inches  l)eIow  it.  The  Lower  Mahoning  is  said 
to  be  at  least  75  feet  thick. 

Westward  from  Blairsville  the  rocks  come  up  along  the  Kiskiminitas 
river  (formed  by  union  of  the  Conemaugh  and  Tjoyalhanna)  and  the 
lower  beds  are  reached  toward  the  western  border  of  the  county,  near 
Salzburg,  where  the  section  is: 

Feet 

1.  Red  shale 

2.  Sandstone  [Biiflfalo]    100 

3.  Sandy  shale  [black]   10 

4.  Sandstone  [Upper  Mahoning]  50 

5.  Ck)al  bed  [Upper  Gallitzin]    Trace 

6.  Variegated  shale , 15 

7.  Sandstone 15 

8.  CJoal  bed  [Lower  Oallltzln]    Trace 

9.  Ferruginous  limestone  and  ore  [Mahoning] 

10.  Shale   10 

11.  Sandstone  [Lower  Mahoning] , 20 

12.  Slates 8 

to  the  Upper  Freeport,  giving  124  feet  as  the  thickness  of  the  Mahoning, 
which  is  no  longer  wholly  a  massive  sandstone  as  east  from  Blairsville. 
Stevenson  states  that  the  shales  Number  3  are  dark  and  argillaceous, 
carrying  nodular  ore  which  farther  up  the  river  becomes  a  continuous 
layer;  so  that  here  one  finds  the  Brush  Creek  limestone.*  The  sand- 
stone Number  2  includes  not  only  the  Buffalo,  which  is  between  the  Cam- 
bridge and  Brush  Creek  limestone,  but  also  the  Cowrun  of  Ohio,  and 
the  red  shale  is  evidently  near  the  Barton  horizon.  This  sandstone  be-^ 
comes  less  prominent  northward  and  at  12  miles  from  Salzburg  the 
Brush  Creek  limestone  was  seen.  That  limestone  was  observed  also 
farther  north  on  the  Armstrong  border,  where  Mr  Piatt's  section  shows 
coal  streaks  at  58,  73,  100,  and  117  feet  below,  with  a  limestone,  4  feet, 
underlying  that  at  73.  The  Upper  Freeport  is  at  only  a  few  feet  lower.) 
The  limestone  is  representative  of  the  Mahoning  and  the  four  coal 
streaks  may  be  taken  as  illustrations  of  iffegularities  in  subsidence  and 
deposition  at  the  Gallitzin  horizon. 

Armstrong  county,  west  from  Indiana,  south  from  Clarion,  and  north 
from  Westmoreland,  is  divided  by  the  Allegheny  river.  East  from  that 
stream  the  Conemaugh  is  for  the  most  part  the  surface  formation  and 
the  Pittsburg  coal  bed  is  reached  in  the  southeast  corner. 

•J.  J.  Stevenson:   (K  2),  p.  318. 

t  W.  G.  Piatt:   (H  4),  pp.  157,  170,  174,  244,  257,  270.  280,  284. 
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Entering  at  the  southeast,  one  finds  the  lower  part  of  the  section  as 
at  Salzburg,  but  at  5  miles  from  the  county  line,  near  Apollo,  the  Brush 
Creek  (Black  Fossiliferous)  limestone  is  present  at  134  feet  above  the 
Upper  Freeport  and  76  feet  above  the  Lower  Gallitzin,  which  is  accom- 
panied by  the  Mahoning  limestone  as  at  Salzburg.  Already  the  great 
sandstone  mass  overlying  the  Brush  Creek  limestone  has  broken  up  and 
the  Cambridge  limestone,  at  40  feet  above  the  Brush  Creek,  is  greenish 
gray,  fossiliferous,  and  in  many  features  much  like  the  Ames,  as  at  many  . 
localities  in  Ohio.  The  Ames  (Green  Fossiliferous)  is  given  in  the 
generalized  section  as  about  215  feet  below  the  Pittsburg  coal  bed  and  as 
resting  on  the  Harlem  coal.  It  is  24  feet  below  the  Morgantown  sand- 
stone, whiijh  is  34  feet  thick.  The  Pittsburg  limestones  are  at  21  and  43 
feet,  but  no  trace  of  the  Little  Pittsburg  and  Clarksburg  coals  appears. 
The  highest  red  shales  are  between  the  Morgantown  and  the  Ames. 

Xorthward  from  the  Kiskiminitas  the  section  is  traced  with  ease 
along  the  east  side  of  the  county,  where  the  great  sandstones  prevail  for 
several  miles.  The  Brush  Creek  coal  bed  is  at  140  feet  above  the  Upper 
Freeport,  underlying  the  Buifalo-Cowrun  sandstone,  on  which  rest  8  feet 
of  red  shale.  The  Barton  coal  is  shown  in  many  places  at  about  75  feet 
below  the  Ames  limestone,  or  325  feet  above  the  Upper  Freeport,  and 
the  Gallitzin  is  represented  by  one  or  the  other  of  its  splits  at  several 
localities.  On  the  west  side  of  the  Allegheny  river  the  Ames  is  at  260 
to  270  feet  above  the  Upper  Freeport  and  the  Pittsburg  reds  are  con- 
spicuous as  at  several  localities  east  from  the  river.* 

Butler  county  is  west  from  Armstrong  and  north  from  Allegheny. 
In  the  northern  half  one  rarely  finds  more  than  100  feet  of  Conemaugli. 
The  Gallitzin  (Millerstown  of  Chance)  is  at  35  to  55  feet  above  the 
Tpper  Freeport  and  occasionally  becomes  thick,  5  feet  10  inches  at  one 
locality,  l)ut  the  coal  is  inferior.  Both  divisions  of  the  Mahoning  are 
present  and  vary  from  massive  to  shaly  sandstone,  f 

.Entering  southern  Butler  at  the  southeast,  one  has  Doctor  White's 
section  showing  two  massive  conglomerates,  each  60  to  70  feet  thick, 
separated  by  sandy  shales,  giving  in  all  160  to  170  feet.  The  Upper, 
or  Buffalo,  is  the  coarser,  the  pebbles  being  as  large  as  hickory  nuts,  and 
its  bottom  at  the  type  lociality  is  120  feet  aliove  the  Upper  Freeport. 
There  the  interval  between  it  and  the  other  plate,  the  Lower  Mahoning, 
is  concealed,  but  Doctor  White's  section  on  the  Armstrong  County  border 
shows  the  conditions: 

*W.  O.  PUtt:   (H  S),  pp.  5,  21,  36,  68,  90-01,  163,  280,  288. 
tH.  M.  Chance:   (V),  pp.  56,  90. 
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Pcct 

1.  Ames  limestone 3 

2.  Red  BbAle 30 

3.  Gray  shale 100 

4.  Coal  bed  (Anderaon]  1 

5.  UmestDne  [Cambridge]   1 

a.  Concealed  10 

7.  Buffalo  saiMbtoiie 50 

K  Randy  sbale 35 

9.  Gallltxin  coal  bed  (Upper]  Trace 

10.  Randy  stiale 35 

11.  Lower  Mabonln^  sandstone 55 

giving  31 T  feet  from  the  Ames  limestone  to  the  Upper  Freeport  coal  bed. 
The  Buffalo  sandstone  is  easily  followed  in  all  but  the  western  townships 
of  southern  Butler ;  in  those  it  evidently  loses  its  conglomerate  character 
and  becomes  less  important.  The  liower  ^fahoning,  very  coarse  at  the 
east  and  southeast,  becomes  shaly  westward,  while  decreasing  somewhat 
in  thickness.  The  Gallitzin  horizon  is  represented  by  thin  coals  at 
numerous  localities,  there  being  at  least  one  bed  wherever  the  interval  is 
exposed.  The  highest  is  that  in  the  Freeport  section;  elsewhere  the 
highest  is  at  70  feet.  In  Forward  township  three  beds  are  present  at 
20,  25,  and  63  feet  above  the  Upper  Fn^port,  and  two  are  shown  at 
35  and  60  in  Jackson.  The  !)fahoning  limestone  appears  to  be  wanting 
throughout. 

The  Brush  Creek  coal  and  limestone  seem  to  be  almost  wholly  un- 
represented in  the  eastern  townsliips.  The  horizon  is  recognizable  at 
many  places  as  black,  sometimes  coaly,  shale  underlying  the  Buffalo 
sandstone,  but  the  coal  as  such  is  distinct  first  in  the  western  third.  A 
Forward  Township  section  shows  6  inches  of  coal  separated  by  10  feet 
of  black  shale  from  the  overlying  Buffalo:  it  is  115  feet  above  the  Upper 
Freeport  and  52  feet  al)Ove  the  Upper  Gallitzin.  In  Connoquenessing 
it  is  scattered  through  the  black  shale  at  119  feet  above  the  Upper  Free- 
port  and  is  72  feet  above  a  Gallitzin  coal.  In  the  southwest  comer  of 
the  comer  lx)th  coal  and  linu^tone  are  well  shown,  the  type  locality  being 
on  Brush  creek,  in  Cranberry  township. 

The  Cambridge  (Pine  Creek)  limestone,  shown  in  the  Freeport  sec- 
tion, is  absent  at  all  other  localities  where  its  horizon  is  reached.  It  is 
not  noted  in  any  of  Doctor  White's  numerous  sections,  but  the  Anderson 
coal  l)ed  belonging  above  it  is  {persistent  at  5  to  20  feet  above  the  Buffalo 
sandstone.  The  Barton  (Bakerstown)  coal  l)ed  is  present  in  some  of  the 
townships  along  the  Allegheny  County  border  at  80  to  85  feet  below  the 
Ames  limestone,  but  it  is  no  longer  an  important  member  of  the  forma- 


CONfiMAUOH  FORMATION  OF  WBHTfiRK  PfiNNSYLVANIA  BASINS      177 

lion.  The  Cowrun  sandstone,  i)etween  it  and  the  Cambridge  limestone, 
is  represented  by  shale  in  Butler  count v,  though  it  is  a  well  marked  sand- 
stone in  Allegheny  county.  The  Ames  limestone  is  always  seen  where 
its  horizon  is  exposed,  as  are  also  ita  underlying  red  shales,  but  the  Har- 
lem coal  bed  seems  to  l)e  wholly  wanting.  The  Elk  Lick  coal  bed  was 
seen  in  the  only  townships  in  which  its  horizon  is  reached.* 

In  southeastern  Lawrence,  .west  from  Butler,  a  double  coal  bed  is  ap- 
parently persistent  at  55  to  65  feet  above  the  Upper  Freeport  limestone 
and  overlying  a  fireclay  containing  much  calcareous  iron  ore  which  at 
one  locality  is  limestone,  representing  the  Mahoning.  In  one  place  it  is 
overlain  by  20  feet  of  shale,  but  in  another  by  a  massive  conglomerate.! 

Beaver  county,  extending  to  the  Ohio  line,  is  south  from  I^awrence  and 
west  from  Butler  and  Allegheny.  Extensive  erosion  by  large  streams 
has  removed  the  Conemaugh  from  much  of  the  county  north  from  the 
Ohio  river,  so  that  in  the  central  portion  that  formation  occurs  in  some- 
what widely  separated  areas.  The  Elk  Lick  horizon  is  reached  in  a  few 
places  and  the  coal  l)ed  is  shown.  The  Ames  limestone  and  the  Pitts- 
I)urg  reds  are  persistent,  but  the  Harlem,  Barton,  and  Anderson  coal 
beds  are  apparently  absent  throughout.  The  place  of  the  Cambridge 
limestone  is  rarely  exposed,  but  that  Ijed  is  present  on  both  sides  of  the 
county  at  about  120  feet  below  the  Ames  and  60  to  65  feet  above  the 
Brush  Creek.  The  Buffalo  sandstone  varies  from  coarse  to  fine  sand- 
stone or  sandy  shale  and  at  one  locality  it  is  replaced  by  variegated  shale. 
In  the  northern  tier  of  townships  one  finds  at  6  miles  southwest  from 
the  Lawrence  County  exposures,  already  referred  to,  a  coal  bed,  evi- 
dently the  Brush  Creek,  at  80  to  90  feet  above  the  Upper  Freeport  and 
12  feet  below  the  decomposed  Brush  Creek  limestone.  Like  that  in 
Lawrence,  this  is  a  double  bed,  the  upper  portion  more  or  less  resembling 
cannel.  The  interval  in  Lawrence  is  55  to  65  feet.  Farther  west  a  coal 
blossom  appears  on  the  l)illtops  at  58  to  70  feet  above  the  Tapper  Free- 
port,  with  at  3  to  4  feet  below  it  a  slabby  limestone,  while  still  farther 
west,  near  the  Ohio  line,  the  interval  is  60  to  65  feet.  Four  miles  west, 
in  Columbiana  county  of  Ohio,  Doctor  White  finds  a  coal  at  50  feet,  the 
interval  being,  as  in  northwest  Beaver,  concealed.  This  is  the  Coal  T, 
or  the  Groff  vein,  of  northeast  Ohio.  Farther  south  in  Beaver  county 
one  finds  on  the  east  or  Butler  County  side  the  Brush  Creek  coal  bed, 
12  feet  below  its  limestone,  185  to  207  feet  below  the  Ames  limestone 
and  about  90  feet  above  the  Upper  Freeport,  with  a  thin  Gallitzin  bed  at 

•  I.  C.  White:    (Q),  pp.  24,  73-74,  76,  70,  80,  84,  87,  89,  91,  96,  99,  101-103,  106,  115, 
12.3,   128-129,   135-136. 
t  I.  C.  White:   (Q  2),  pp.  76,  79,  80.  81,  82. 
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40  feet.  At  the  next  exposure,  7  or  8  miles  west,  the  limestone  already 
referred  to  is  at  50  to  70  feet  ahove  the  Upper  Freeport,  but  no  coal 
appears  above  it.  Still  farther  west  the  coal  is  shown  on  the  hilltops  at 
66  feet,  while  at  5  miles  beyond,  in  Columbiana  coimty  of  Ohio,  DcK-tor 
White  finds  the  interval  55  feet,  with  the  massive  conglomerate  Buffalo 
sandstone  resting  on  it. 

Going  southward  along  the  Ohio  line,  oije  has  this  section  at  the  Ohio 
river  : 

Feet 

1.  Sandy  shale 20 

2.  Pine  Creek  [Cambridge  limestone]  2 

3.  Buffalo  sandstone  and  sandy  shale C5 

4.  Brush  Creek  limestone 1 

5.  Bnisli  Creek  coal  and  concealed  5 

6.  Mahoning  sandstone,  massive 80 

to  the  Upper  Freeport  coal  bed.     At  3  miles  east  the  massive  Buffalo 

sandstone  rests  directly  on  the  Brush  Creek  coal,  which  is  95  feet  above 
tbe  Upper  Freeport.  There  seems  to  be  no  escape  from  the  conclusion 
that  the  coal  bed,  55  to  65  feet  above  the  Upper  Freeport  in  Lawrence 
and  99  to  65  feet  in  Beaver,  is  the  same  bed  and  at  the  Brush  Creek 
horizon.  If  the  limestone  seen  in  central  Beaver  be  the  Mahoning  of 
the  eastern  counties,  the  Tapper  Mahoning  interval  liisappears  northward 
and  westward,  bringing  the  Brush  Creek  coal  down  to  the  place  of  the 
Gallitzin  coal. 

A  new  coal  horizon  appears  in  eastern  Beaver  at  30  to  40  feet  above 
the  Brush  Creek  coal,  dividing  the  Buffalo  sandstone.  Its  place  is  ex- 
posed at  only  one  locality.* 

Southward  from  the  area  thus  far  described  the  Monongahela  soon  bo- 
comes  the  surface  formation,  and,  except  where  anticlines  are  cut  bv 
streams,  one  finds  only  the  upper  portion  of  the  Conemaugh  exposed  and 
the  records  of  oil  borings  are  the  chief  source  of  information.  The 
thickness  of  the  Conemaugh  at  the  north  is  about  600  feet,  but  it  do- 
creases  southward  to  about  560  feet  at  the  West  Virginia  line. 

South  from  the  Kiskiminitas  and  east  from  the  Monongahela  river 
are  eastern  Allegheny,  Westmoreland,  and  Fayette  counties,  the  last  ex- 
tending to  the  West  Virginia  line.  The  Little  Pittsburg  coal  heUs,  ap- 
proximately 20  and  60  feet  Ijelow  the  Pittsburg,  are  fairly  persistent, 
though  never  economically  important.  Three  limestones,  0  to  13,  45, 
and  60  feet  below  the  Pittsburg,  are  shown  at  many  places,  though  one 
rarely  finds  them  all  in  a  single  section.     The  Clarksburg  limestone 

•I.  C.  White:  (Q),  pp.  170,  180-181.  18:t,  187-189,  208.  213-214.  223,  226.  235,  240. 
245,  257,  2eo,  263;   (Q  2),  pp.  276.  282. 
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and  its  overlying  coal  bed  or  black  shale  are  reasonably  persistent.  The 
Connellsville  sandstone  is  usually  somewhat  massive,  though  at  many 
places  it  becomes  shaly  or  even  is  replaced  by  a  mort»  or  less  clayey  shale, 
wliile  the  MorgantoM^n  is  a  characteristic  sandstone  not  far  from  50  feet 
thick.  At  a  few  feet  below  the  last  is  the  Elk  Lick  coal  bed  (Barton  of 
liesley  and  Stevenson)  and  the  Ames  limestone,  280  to  300  feet  below 
the  Pittsburg,  appears  almost  invariably  wherever  its  place  is  exposed, 
but  the  Harlem  coal  bed  is  reported  from  only  one  locality  in  Allegheny 
and  one  in  Fayette.  The  Barton  (Bakerstown)  coal  bed  is  apparently 
constant  in  Fayette  county  at  about  75  feet  below  the  Ames,  but  does 
not  appear  in  sections  within  the  other  counties.  The  Cambridge  lime- 
stone does  not  appear  in  any  of  Stevenson's  sections,  and  the  Buffalo- 
Cowrun  sandstone,  so  conspicuous  on  the  Kiskiminitas,  disappears 
rapidly  southward,  where  one  .finds  only  shales  in  its  place  above  the 
Brush  Creek  (Black  Fossiliferous)  limestone,  which  rests  on  the  Brush 
Creek  coal  bed.  The  Mahoning  varies  from  massive  sandstone  to  mere 
shale,  and  the  Gallitzin  coals,  so  persistent  at  the  north,  seem  to  be 
aJisent  from  southern  Westmoreland  and  from  Fayette.  The  red  beds, 
except  that  underlying  the  Ames  limestone,  become  insignificant  and  are 
practically  unrepresented  in  Fayette.* 

The  records  of  oil  borings  in  these  counties  west  from  the  narrow 
strip  of  exposed  Conemaugh  for  the  most  part  give  little  detail  or  are  not 
referable  to  any  fixed  datum.  A  record  in  northwestern  Westmoreland 
shows  the  Buffalo  sandstone  70  feet  thick  and  beginning  at  1 10  feet 
below  the  Pittsburg  reds.  The  Mahoning,  beginning  20  feet  below  the 
Buffalo,  is  double  and  rests  on  the  Upper  Freeport  at  595  feet  below  the 
Pittsburg.  The  Pittsburg  red  is  the  low^est  red  bed,  but  a  record  near 
Irwin,  on  the  Pennsylvania  railroad,  shows  three  reds,  20,  32,  and  5  feet 
thick  respectively,  at  395,  459,  and  546  feet  below  the  Pittsburg  coal  bed. 
The  upper  Freeport  is  reached  at  605  feet  and  only  shales  are  present 
to  280  feet  above  it.  A  record  in  central  Fayette  county  gives  a  thick- 
ness of  590  feet  for  the  Conemaugh  and  red  shale  is  absent,  f 

Xorthem  Allegheny,  south  from  Butler,  is  between  the  Allegheny  and 
Ohio  rivers.  The  exposed  section  extends  from  the  Tipper  Freeport  at 
the  north  to  the  Pittsburg  at  the  south.  The  Ames  limestone  is  shown 
in  every  township  at  from  280  to  300  fe(»t  below  the  Pittsburg  coal  bed 
and  the  Elk  Lick  coal,  at  25  to  35  feet  al)ove  the  Ames,  occasionally  over- 
lies a  black  fossiliferous  limestone  which  may  be  the  equivalent  of  the 

•J.  J.  Stevenson:   (K  K).  pp.  64,  74,  76.  137,  141,  171,  172,  182,  274,  316.  318,  348. 
I  J.  F.  CarU :  011  and  Gas  Report  for  1880,  pp.  214,  221,  226,  320-822. 
I.  C.   White:  Geology  of  West  Virginia,  vol.  la,  p.  115. 
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Somerset  Elk  Lick  limestone.  The  Harlem  coal  appears  in  many  sec- 
tions, but  is  distinctly  absent  from  others.  The  Pittsburg  reds  arc  a 
striking  feature  wherever  their  horizon  is  reached,  and  the  Bakerstown 
(Barton)  coal  bed,  75  to  80  feet  below  the  Ames,  occasionally  attaini^ 
workable  thickness.  Between  it  and  the  Cambridge  limestone  there  is 
sandstone  or  sandy  shale  40  feet  thick,  the  Cowrun  of  Ohio.  The  Ander- 
son coal  is  wanting  and  the  sandstone  rests  on  the  limestone.  The  in- 
terval between  the  Cambridge  and  Brush  Creek  limestones,  ordinarily 
about  60  feet,  is  sometimes  filled  by  the  Buffalo  sandstone.  Tn  one  of 
the  southern  townships  the  Salzburg  condition  is  repeated  and  the  Buf- 
falo is  continuous  with  the  Cownm,  giving  a  continuous  sandstone  about 
100  feet  thick.  Toward  the  Beaver  County  line  the  Buffalo  becomes  les-^ 
conspicuous  and  at  times  is  replaced  in  great  part  by  shale.  The  sand- 
stone sometimes  cuts  out  the  underlying  Brush  Creek  limestone,  which 
here  has  all  its  characteristic  features,  and  is  separated  by  a  few^  feet 
of  black  shale  from  the  Brush  Creek  coal  bed,  which  is  from  60  to  1(H) 
feet  above  the  ITpper  Freeport.  The  variation  in  this  interval  is  due 
chiefly  to  changes  in  the  Tiower  Mahoning,  which  at  times  almost  dis- 
appears. At  one  locality  the  Upper  Gallitzin  is  at  45  feet  and  the  ^la- 
honing  limestone  at  10  to  15  feet  above  the  Upper  Freeport. 

Above  the  Ames  there  are  few  persistent  beds.  The  Morgantown  sand- 
stone is  constant,  often  forming  cliffs;  a  red  bed  20  feet  thick  begins  at 
90  feet  above  the  Ames  and  is  present  in  many  sections.  The  Pittsl)urg 
limestones  are  irregular.* 

West  from  the  Monongahela  and  south  from  the  Ohio  are  western  Alle- 
gheny, Washington,  and  Greene,  the  last  extending  to  the  West  Virginia 
line  at  the  south.  The  surface  formation  is  the  Monongahela  and  ex- 
cept along  the  Monongahela  river  and  along  the  northern  border  of  the 
area  the  Conemaugh  is  deeply  buried.  The  exposed  section  at  the  north 
extends  but  a  little  way  below  the  Ames  limestone. 

In  western  Allegheny  two  limestones  within  30  feet  below  the  Pitts- 
burg coal  bed  are  commonly  found ;  they  are  more  or  less  brecciated  in 
structure  and  in  most  localities  contain  minute  fossils,  which  are  sup- 
posed to  be  of  fresh-water  types.  Another  at  140  to  150  feet  ma}-  he  at 
the  Little  Clarksburg  horizon,  lied  shale  beds  wew.  seen  at  65,  89,  lOtJ, 
1T5,  and  194  feet,  but  not  all  of  them  in  any  one  se(;tion;  that  seen  at 
106  is  evidently  the  lower  portion  of  a  50-foot  bed  observed  elsewhere* 
at  89  feet ;  that  at  194  feet  is  apparently  equivalent  to  one  seen  in  north- 
ern Allegheny  at  90  feet  above  the  Ames.     Within  short  distances  the 

•I.  C.   White:   (Q),  pp.   149.  154,   158.   159,   lCO-105,  171-178. 
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wliole  section  changes  and  neitlier  limestone  nor  red  shale  appears.  The 
Ames  limestone,  280  to  300  feet  below  the  Pittsburg,  is  constant  and  at 
many  places  is  accompanied  by  the  Harlem  coal  bed.  In  the  Painter 
well,  on  the  Monongahela  river  al)0ve  Pittsburg,  the  Cambridge  lime- 
stone is  at  about  420  feet  l)elow  the  Pittsburg  and  a  coal,  probably  the 
Gallitzin,  is  at  528.     The  Mahoning  is  represented  by  shale.* 

In  Washington  county  one  finds  at  the  extreme  north  the  Elk  Lick 
coal  bed,  10  feet  below  the  90-foot  Morgantown  sandstone  or  260  feet 
Ik'Iow  the  Pittsburg  and  35  feet  above  the  Ames  limestone,  which  rests 
on  the  Harlem  coal.  The  Little  Pittsburg  coals  are  wanting,  but  there 
are  two  persistent  limestones  within  30  feet.  On  the  Monongahela  3 
limestones  occur  in  this  interval  and  the  Little  Pittsburg  coal  is  repre- 
sented by  black  shale. 

The  records  of  oil  borings  show  irregularity  in  the  Conemaugh  section. 
The  interval  from  the  Pittsburg  coal  bed  to  the  Mahoning  varies  from 
463  to  488  feet,  that  rock,  in  some  cases  being  almost  continuous  above 
with  the  Buffalo.  Both  divisions  of  the  Mahoning  arc  distinct  and  are 
usually  sandstone,  though  varying  greatly  in  thickness;  occasionally, 
however,  one  or  the  other  is  replaced  by  shales,  and  changes  of  this  kind 
are  frequently  abrupt.  One  of  two  wells  near  the  borough  of  Washing- 
ton shows  the  Upper  Mahoning  all  sandstone,  but  in  the  other  it  is  all 
shale. 

The  Buffalo  sandstone  is  represented  by  shale  at  McDonald;  at  other 
localities  it  is  distinct  as  a  sandstone,  but  very  variable.  In  one  well  at 
Washington  it  begins  at  413  feet,  evidently  replacing  the  Cambridge 
limestone,  and  is  separated  by  but  4  feet  of  shale  from  the  ^lahoning 
at  488,  thus  giving  an  almost  continuous  mass  of  sandstone,  107  feet 
thick ;  but  in  the  other  well  it  begins  at  428,  is  only  20  feet  thick,  and  is 
s<-parated  by  100  feet  of  "slate  and  shells"  from  the  Lower  Mahoning. 
At  Beallsville,  east  from  Washington,  it  begins  at  448  and  is  25  feet 
thick.  The  sandstones  above  the  Buffalo  are  equally  irregular;  the 
Morgantown  horizon  is  sufficiently  well  marked,  but  the  other  beds,  some 
of  th<?in  very  thick,  can  not  be  correlated  with  any  at  exposed  sections. 
So  coal  is  recorded  anywhere  except  at  McDonald,  where  the  Little 
Clarksburg  is  at  175  and  a  Gallitzin  bed  at  501  feet  l^elow  the  Pittsburg. 

The  red  beds  are  important  members  of  the  formation,  though  they 
are  extremely  variable.  There  are  three  horizons,  129  to  174,  236  to 
310,  and  367  to  413,  within  which  these  beds  occur  in  almost  all  of  the 

#J.  J.  SteveDBon:    (K),  pp.  206,  208.  324-326,  306-300.  310,  314. 
-     I.  C.  White :  Geology  of  West  Virginia,  vol.  lo,  pp.  101-102. 
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wells,  the  whole  interval  in  some  eases  being  filled  with  red  shale.     Thin 
beds  are  found  in  diflferent  wells  at  528  and  567  feet.* 

In  Greene  county  the  upper  250  feet  of  the  Conemaugh  are  shown  on 
the  Monongahela  river.  Impure  limestone  is  at  4  feet  below  the  Pitts- 
burg coal,  and  a  little  Pittsburg  coal  bed  is  at  40  feet  overlying  a  lime- 
stone. The  Clarksburg  limestone  and  its  overlying  coal  bed  are  at  i;?0 
to  140  feet,  and  the  Morgantown  sandstone,  95  feet  thick,  is  well  shown 
overlying  the  Elk  Lick  coal  bed,  which  is  2  feet  4  inches  thick  and  245 
feet  below  the  Pittsburg.  A  fossiliferous  shale  with  many  lamelli- 
branchs  was  seen  near  Greensboro  at  148  feet. 

Records  of  oil  borings  in  the  interior  of  the  county  arc  available  for 
the  north  border,  the  center,  and  the  southern  border  near  the  West  Vir- 
ginia line.  No  coal  is  noted  in  any  boring  except  at  the  south,  when^ 
the  Barton  is  at  350  feet  below  the  Pittsburg.  The  thickness  of  the 
Conemaugh  in  that  part  of  the  county  is  560  to  565  feet.  The  C'on- 
nellsville  sandstone  is  present  in  the  north  ai}d  center,  with  its  base  at 
120  and  128  feet  below  the  Pittsburg;  the  bottom  of  the  Aforgantown  is 
from  226  to  235 ;  the  Buffalo  horizon  is  marked  in  the  north  and  center 
by  a  mass  beginning  at  390  and  401  feet,  and  in  the  north  it  is  90  feet 
thick.  The  Upper  Mahoning  is  present  in  two  records,  beginning  at 
481  and  451  and  ending  at  511  and  486.  Jt  is  wanting  in  the  west  cen- 
tral part  of  the  county,  where  only  shales  are  recorded  to  140  feet  below 
the  Buffalo  sandstone.  The  Lower  Mahoning  is  present  in  all  records 
except  that  of  the  west  central  region,  the  bottom  being  at  591,  560,  and 
565,  in  the  last  resting  directly  on  the  Upper  Freeport.  The  intervals 
within  which  the  red  beds  appear  are  120  to  183,  205  to  290,  and  385  to 
415,  answering  to  those  of  Washington  county ;  each  of  these  is  almost 
filled  with  red  shale  in  one  or  other  of  the  wells.  A  lower  horizon  is  at 
500  to  510.  The  greatest  thickness  in  all  of  red  shale  is  in  the  central 
part  of  the  county,  where  135  feet  is  found  in  the  first  and  second  in- 
tervals, there  being  none  in  the  third ;  the  least  is  near  the  Monongahela, 
where  a  single  bed,  5  feet  thick,  is  reported  at  351  feet,  f 

THE  NORTHERN  PANHANDLE  OF  WEST  VIRGINIA 

It  is  well  to  carry  the  section  to  the  Ohio  river  across  the  narrow  strip 
in  West  Virginia  adjoining  at  the  east  southern  Beaver,  Washington, 
and  Greene  counties  of  Pennsylvania. 
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The  most  northerly  patch  of  the  Pittsburg  coal  in  West  Virginia  is  in 
Brooke  county,  a  few  miles  north  from  Steubenville,  though  in  Jefferson 
ooimty  of  Ohio  a  similar  patch  is  found  nearly  10  miles  farther  north. 
Doctor  White's  measurements  in  the  Kings  Creek  region  of  that  county 
give  a  somewhat  greater  thickness  to  the  Conemaugh  than  do  those  on 
the  Ohio  side,  the  interval  to  the  Steubenville  shaft  coal  bed,  the  Lower 
Frceport,  being  580  feet  and  to  the  Upper  Free]X)rt  515  feet.  Professor 
Xewberrys  measurement  on  Wills  creek,  in  Ohio,  arc  493  and  658  feet; 
l)ut  the  intervals  vary  here  with  great  abruptness.  The  Morgantown 
sandstone.  Elk  Lick  and  Anderson  coal  beds  are  exposed,  the  last  under- 
lying the  massive  Cowrun  sandstone  40  feet  thick.  The  Ames,  Cam- 
bridge, and  Brush  Creek  limestones  are  present,  the  last  two  being  70 
feet  apart.  The  Brush  Creek  limestone  and  black  shale  rest  on  the 
Brush  Creek  coal  bed,  under  which  is  calcareous  shale  representing  the 
Mahoning  limestone.  The  Lower  Mahoning  is  represented  by  massive 
sandstone  resting  on  the  Upper  Freoport,  which  is  50  feet  below  the 
Brush  Creek.  Ked  shales  are  shown  above  the  Morgantown  sandstone  as 
well  as  under  the  Ames  and  Cambridge  limestones,  but  the  beds  arc  thin. 

Nine  miles  farther  south  the  Upper  Freeport  is  absent,  and  the  in- 
terval from  Ames  limestone  to  Lower  Freeport  coal  bed  is  324  feet.  On 
the  Ohio  side  of  the  river  the  distance  from  Pittsburg  to  Lower  Freeport 
is  556  feet,  making  the  Ames  about  225  feet.  At  Wheeling  the  interval 
Ijetween  the  two  coals  is  556  feet,  with  the  Anderson  coal  bed  at  355  and 
only  "variegated  shale"  for  280  feet  above  that  bed ;  but  at  3  miles  south- 
east from  Wheeling  a  sandstone,  150  feet  thick,  begins  at  136  feet  below 
the  Pittsburg,  and  a  coal  bed  is  reached  at  395  feet  which  is  too  high  for 
the  Brush  Creek,  but  is  very  near  the  place  of  a  bed  seen  in  northern 
Beaver  and  seen  frequently  in  Jefferson  county  of  Ohio.  Two  red  beds 
20  and  25  feet  are  in  the  interval  between  the  sandstone  and  this  coal 
ImmI.  The  Mahoning  interval  is  filled  with  shale  and  the  first  sandstone 
is  in  the  Allegheny  at  545  feet.  Three  miles  south  from  Wheeling  there 
is  little  aside  from  shale  between  the  Pittsburg  and  a  coal  bed  at  530 
feet  which  rests  on  a  great  sandstone  continuing  to  the  bottom  of  the 
Carboniferous.  Bed  shale  begins  at  50  feet  below  the  Pittsburg  and 
thence  it  predominates.  It  is  altogether  probable  that  the  coal  bed  at 
530  feet  is  the  Upper  Freeport,  as  the  intervals  increase  slightly  soiith- 
ward. 

At  12  miles  southeast  from  Wheeling,  in  Marshall  county  and  on  the 
Pennsylvania  border,  12  miles  west  from  the  boring  in  northern  Greene 
county,  a  rec»ord  shows  coal  beds  at  333  and  593  feet  below  the  Pittsburg ; 
the  latter  is  the  Lower  Freeport,  but   the  former  is  too  high  for  the 
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Anderson,  which  is  due  at  about  370.  It  may  be  at  the  Barton  horizoD, 
which  is  marked  by  coal  at  a  number  of  places  in  Jefferson  county  of 
Ohio.  The  Mahoning,  almost  wholly  sandstone,  begins  at  478  and 
continues  into  the  Allegheny  at  568  feet.  Six  thin  red  beds,  in  all  only 
45  feet,  are  recorded,  the  lowest  being  at  378  feet.  Near  Moundsvillo, 
on  the  Ohio  river,  10  miles  south  from  Wlieeling,  a  sandstone  85  feet 
thick  begins  at  19 7.  feet  below  the  Pittsburg  and  ends  at  282,  very  nearly 
as  at  3  miles  southeast  from  Wheeling.  It  rests  on  70  feet  of  red  shale, 
separating  it  from  a  sandstone  60  feet  resting  on  coal  at  437  feet,  which 
is  near  the  Brush  Creek  horizon.  In  southern  Marshall  the  well  records 
note  only  the  sandstones.  The  Mahoning,  as  a  sandstone,  l)egins  at  450 
to  480  feet  and  ends  at  526  to  532,  where  it  can  he  differentiated  from 
the  Allegheny  beds.  The  Ijower  Freeport,  in  Wetzel  county  south  from 
Marshall,  is  at  575  feet  below  the  Pittsburg.  In  the  wells  of  southern 
Marshall,  as  in  those  of  northern  Wetzel,  a  sandstone,  the  Cowrun 
(Salzburg  of  the  records)  begins  at  about  300  feet  IkjIow  the  Pittsburg.* 

OHIO 

Passing  over  into  Ohio,  one  finds  the  most  nortlierly  exposures  in  Co- 
lumbiana county  adjoining  Beaver  of  Pennsylvania.  At  Palestine,  in 
the  northern  part  of  the  county,  the  Brush  Creek  coal  is  at  50  feet  above 
the  Upper  Freeport  and  the  Mahoning  limestone  is  absent.  At  other 
localities,  according  to  Professor  Xewljerry,  the  interval  is  60  feet.  This 
is  Coal  7  of  the  northern  Ohio  series,  known  locally  as  the  "Groff"  vein." 
Farther  south,  toward  the  border  of  Jefferson  county,  numerous  sections 
measured  by  Professor  Xewberry  show  the  interval  from  58  to  52  feet, 
with  the  Mahoning  limestone  at  3  to  8  feet  below  the  Brush  Creek  coal. 
The  Lower  ^ifahoning  is  "sandstone  and  shale"  20  to  40  feet  thick.  A 
limestone,  10  feet  thick,  including  shale,  appears  in  some  of  the  sections 
at  0  to  20  feet  above  the  Brush  Creek  coal.  This,  cut  out  in  many  places 
by  the  overlying  sandstone,  is  black,  nodular,  contains  many  fossils,  and 
is  the  Brush  Creek  limestone  of  Pennsylvania.  Tlie  Buffalo  sandstone 
is  irregular  jn  southern  Columbiana,  at  times  very  coarse,  as  near  Wells- 
ville,  but  for  the  most  part  rather  fine  grained  and  often  mere  shale. 
Sections  along  the  Columbiana-Jefferson  border  reach  in  several  instanceii 
to  the  Ames  limestone,  which  overlies  the  Pittsburg  reds,  50  feet  thick, 
and  is  225  to  255  feet  above  the  Brush  Creek  coal  bed.  At  Irondale  the 
interval  between  Ames  and  Brush  Creek  is  occupied  wholly  by  red  and 

•  I.  C.  White :  Geology  of  West  VirKinta,  vol.  i,  pp.  363,  366-367 ;  toI.  la,  pp.  214, 
217,  226,  231 ;  vol.  II,  p.  241. 
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olive  shale.  A  thin  coal  bed  rests  on  the  Ames  limestone  at  this  place, 
but  elsewhere  it  is  20  feet  above,  with  green  and  red  shale  between  them. 
It  appears  to  l)e  at  the  Elk  Lick  horizon.  Nearer  the  Ohio  river  the 
Harlem  coal  is  immediately  under  the  Ames,  the  Barton  is  at  50  to  60 
feet  below,  and  the  LoM'er  Mahoning  is  coarse  and  pebbly  sandstone. 
The  interval  between  the  Brush  Creek  and  Upper  Freeport  varies  from 
35  to  69  feet  between  Irondale  and  the  Ohio  river,  and  the  Mahoning 
limestone  (Gray  limestone  of  Newberry)  is  present  in  most  of  the  sec- 
tions.* 

Southward  in  Jefferson  county  numerous  direct  measurements  by 
N'ewberry,  Orton,  and  Newton  show  that  the  interval  from  the  Ames 
limestone  to  the  Brush  Creek  coal  varies  within  16  miles  from  199  to  230 
feet,  the  least  interval  being  at  Steubenville,  the  most  southerly  meas- 
urement. This  interval  is  filled  mostly  by  red  and  olive  shale,  but  at 
several  localities  a  coal  bed  ap])ears  at  27  to  46  feet  above  the  Brush 
Creek,  marking  a  horizon  first  seen  in  eastern  Beaver  of  Pennsylvania. 
The  inter\'al  from  Brush  Creek  to  Upper  Freeport  varies  along  this  line 
from  37  to  85  feet.  At  3  miles  southeast  from  the  northwest  comer  of 
the  county  Professor  Newberry  found  the  Harlem  coal  immediately  under 
the  Ames  limestone  and  another  coal  bed  at  114  feet  lower,  immediately 
above  an  impure  limestone,  the  Cambridge,  at  118  feet.  This,  the  An- 
derson coal  bed,  underlies  variegated  shale,  but  10  miles  away  toward 
the  southeast,  in  Brooke  county  of  West  Virginia,  it  is  100  feet  below  the 
Ames  and  underlies  the  massive  Cowrun  sandstone,  40  feet  thick.  A 
lK?d  at  the  Barton  horizon  is  noted  at  several  localities  55  to  65  feet  below 
the  Ames  limestone. 

The  interval  from  the  Pittsburg  coal  })ed  to  the  Ames  limestone  varies 
from  149  feet  in  northern  Jefferson  to  225  feet  in  the  southern  part  of  the 
county.  A  limestone  is  usually  seen  at  1  to  25  feet  below  the  Pittsburg; 
a  coal  and  limestone  marking  the  Little  Clarksburg  horizon  are  exposed 
occasionally  in  northern  Jefferson,  and  at  one  locality  cannel  occurs  at  a 
Little  Pittsburg  horizon  40  to  50  feet  Mow  the  coal.  The  Elk  Lick 
horizon  is  marked  by  coal  at  many  places  20  to  35  feet  above  the  Ames ; 
but  the  section  shows  much  variation,  the  whole  interval  being  occupied 
at  one  place  by  blue  and  sandy  shales  to  180  feet  above  the  Ames.  Red 
l)ods  are  at  several  horizons,  but,  excepting  those  associated  with  the 
Ames,  they  are  thin  and  of  imccrtain  occurrence.  The  interval  from 
Pittsburg  to  Upper  Freeport  is  498  feet  in  northern  Jefferson,  493  at 

*  Tbis  is  the  Bnisb  Creek  limestone  of  volume  y. 
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Wills  creek,  and  about  515  feet  at  Steubenville  as  well  as  at  10  miles 
farther  south.* 

Carroll  county  is  west  from  Jefferson.  The  careful  work  of  the  Third 
Ohio  Survey  superseded  the  reconnaissance  made  by  Stevenson  in  1872 
and  resolved  the  diflBculties  that  so  perplexed  that  observer.  Two  sec- 
tions by  Professor  Orton  suffice  to  show  the  variations.  Midway  in  the 
county  the  Brush  Creek  coal  bed  at  130  feet  below  the  Ames  limestone  is 
45  feet  above  the  Upper  Freeport,  but  at  10  miles  farther  south  the  in- 
tervals are  195  and  71  feet,  both  sections  showing  the  Mahoning  and 
Cambridge  limestones,  the  latter  at  120  feet  below  the  Ames.  In  both 
sections  the  Ijower  Mahoning  is  shale,  the  Upper  Mahoning,  as  appar- 
ently at  all  localities  in  Ohio,  being  absent.  The  Pittsburg  reds,  so  con- 
spicuous farther  east,  are  wanting  and  the  only  red  bed  in  the  section  \f^ 
20  feet  thick,  at  70  feet  above  the  Ames  and  underlying  a  limestone  whose 
top,  at  115  feet,  can  not  be  more  than  40  feet  below  the  Pittsburg  coal. 
According  to  Stevenson,  the  Ames  limestone  is  double  midway  in  the 
county,  where  the  Harlem  coal  bed  cxicasionally  attains  workable  thick- 
ness, especially  near  the  village  of  Harlem.  A  coal  horizon,  evidently 
the  Anderson,  is  distinct  at  75  to  105  feet  below  the  Ames  limestone, 'the 
interval  increasing  southward.! 

The  whole  of  the  Conemaugh  is  exposed  in  Harrison  county,  soutli 
from  Carroll  and  west  from  Jefferson.  The  Ames  limestone  is  rarely 
more  than  150  feet  below  the  Pittsburg  coal  bed.  Even  in  the  southeast 
corner  of  the  county  the  interval  is  but  149  feet,  though  at  6  miles  east- 
ward, in  Jefferson,  it  is  225.  The  Harlem  coal  bed  is  shown  at  many 
places  and  occasionally  attains  workable  thickness.  The  Anderson  coai 
is  distinct  at  90  to  104  feet  below  the  Ames,  as  is  the  Brush  Creek  at  42 
feet  above  the  Upper  Freeport.  The  Elk  Lick  coal  was  seen  frequently 
as  coal  or  coaly  shale  at  8  to  12  feet  above  the  Ames  limestone.  Neither 
the  Cambridge  nor  the  Mahoning  limestone  is  noted  in  any  of  the  sec- 
tions. Limestone  is  persistent  almost  directly  below  the  Pittsburg  coal, 
but  aside  from  that  none  of  the  beds  above  the  Ames  is  persistent. J 

Belmont  county,  south  from  Harrison  and  Jefferson,  extends  to  the 
Ohio  river.     On  the  river  side  the  exposed  section  reaches  downward  to 

•J.  8.  Newberry:  Ohio,  vol.  Hi.  pp.  96,  99,  107,  731-732.  736.  739,  740,  746.  750, 
751,   753. 

J.  S.  Newberry  and  Henry  Newton  :  Vol.  U.  sectlouB,  sheets  nos.  1,  2. 

J.  J.  Stevenson  :  Vol.  111.  pp.  765.  768,  771,  773.  778. 

B.   Orton :  Vol.   v.   pp.   50-51,   53-54,   61. 

I.   C.   White:  Pennsylvania   (Q   Q),   p.   282. 
I  J.   J.   Stevenson:  Vol.   HI,   pp.   180,   182-183. 

B.   Orton:   Vol.   v.   p.   255. 
J  J.   J.    Stevenson:  Vol.   Ill,   pp.   205-206,   208. 
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little  more  than  100  feet  below  the  Pittsburg,  and  the  rocks,  aside  from  a 
limestone  at  1  to  17  feet,  are  almost  wholly  sandstone.  The  record  of  an 
oil  boring  in  Washington  township  6  or  8  miles  from  the  river  shows 
only  shales  for  750  feet  below  tlie  Pittsburg  coal,  resting  on  the  Potts- 
ville,  a  sandstone  258  feet  thick,  lied  beds  25  and  155  feet  thick  begin 
at  30  and  95  feet  below  the  coal.  This  is  not  more  than  2  miles  from 
Moundsville,  in  West  Virginia,  where  a  massive  sandstone  85  feet  thick 
begins  at  197  feet  below  the  Pittsburg  and  is  separated  by  70  feet  of  red 
shale  from  a  lower  bed  of  sandstone  60  feet  thick.  In  the  westerly  part 
of  the  county  the  section  reaches  to  the  x\mes  limestone,  which  is  barely 
140  feet  below  the  Pittsburg.  Limestone  4  to  30  feet  thick  is  at  0  to  12 
feet  below  the  Pittsburg,  but  thence  to  the  Ames  one  finds  in  the  north- 
west part  of  the  county  little  aside  from  sandstone,  while  in  the  south- 
west part  much  of  the  interval  is  tilled  with  shale.* 

Some  small  outliers  of  (/onemaugh  remain  in  Tuscarawas  county  west 
from  Carroll  and  Harrison,  where  Professor  Xewberry  found  the  Brush 
Creek  {7a)  at  53  feet  above  the  Upper  Freeport  (7).  The  Tiower  Malion- 
ing,  30  feet  thidc,  is  the  Stillwater  conglomerate  of  Newberry  and  under- 
lies* 10  feet  of  red  shale.  Overlying  the  Brush  Creek  are  60  feet  of 
mostly  olive  shale,  replacing  the  Buffalo  sandstone,  f 

Guernsey  county,  south  from  Tuscarawas  and  west  from  Belmont,  has 
the  whole  Conemaugh  section  exposed.  In  the  northeastern  part,  near 
the  Belmont  line,  the  Ames  limestone  is  148  to  152  feet  below  the  Pitts- 
burg coal  bed,  with,  in  the  interval,  limestones  at  12  and  68  feet,  but  no 
coal,  very  little  sandstone,  and  no  red  shale.  In  the  southeast  portion  the 
interval  to  the  Ames  varies  from  138  to  160  feet,  with  limestones  at  10, 
*^7,  and  53  feet,  and  a  red  bed  20  feet  thick  beginning  at  54  feet.  At 
one  locality  Professor  Andrews  found  a  fossiliferous  limestone  1  foot 
thick  65  feet  above  the  Ames,  and  at  another  probably  the  same  bed  at 
80  feet  below  the  Pittsburg.  The  Ames  limestone  persists  throughout 
the  county.  A  section  in  the  central  part  of  the  coimty  by  Professor 
Orton  is: 

Feet        Inches 

1.  Limestone 

2.  Concealed  68  0 

3.  Anderson  coal  bed 2  6 

4.  Red  shale 10  0 

5.  Cambridge  limestone 4  0 

6.  Fireclay  and  i-ed  shale 15  0 

*E.   B.   Andrews:  Vol.   11.   p.   .547. 

J.  J.    Stevenson:  Vol.  111.   pp.  262-263. 

J.  A.  Bownocker :  Fourth  Survey,  Bull.  no.  1,  p.  220. 
f  J.   8.   Newberry:  Vol.  ill.  p.  81. 
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Feet.  Inches 

7.  Concealed   20  0 

8.  Sandstone,  heavy  [Buffalo]  25  0 

9.  Fossiliferons  black  shale  [Brush  Creek] 5  0 

10.  Brush  Creek  or  Groff  coal  bed 1  0 

11.  Concealed  25  0 

12.  Upper  Freeport  coal  bed  

Red  shale  is  not  reported  as  associated  with  the  Ames  limestone  in  the 
northern  part  of  the  county,  and  it  was  seen  at  that  horizon  in  the  south- 
ern part  only  near  the  Belmont  County  line.  The  Harlem  coal  is  re- 
ported from  one  locality  in  northern  Guernsey,  where,  according  to  Ste- 
venson, it  is  roofed  by  canncl  which  is  "full  of  aviculoid  shells."  For 
the  most  part  its  place  is  concealed  in  sections  by  Andrews,  hut  it  is 
reported  by  him  twice  in  the  southern  part  of  the  county  at  12  to  18  feet 
below  the  Ames. 

The  Anderson  coal  bed  of  Andrews,  Xomich  of  Stevenson,  is  at  most 
S(y  feet  below  the  Ames,  10  feet  above  the  Cambridge  limestone,  and  is 
persistent,  having  been  seen  in  all  parts  of  the  county.  The  (Cambridge 
limestone  is  present  throughout  the  western  townships  at  86  to  96  feet 
below  the  Ames ;  it  is  l)elow  the  surface  in  the  eastern  portion.  The  in- 
terval from  it  to  the  Upper  Freeport  (locally  Cambridge  of  Andrews  and 
Stevenson)  varies  from  91  to  137  feet,  increasing  toward  the  southern 
border.  The  Brush  Creek  fossiliferous  shales  have  not  been  observed  in 
the  interval  between  western  Jefferson  and  central  Guernsey,  being  re- 
moved at  most  localities  during  deposition  of  the  overlying  Buffalo  sand- 
stone or  sandy  shale.  The  Brush  Creek  coal  is  worthless  at  all  exposures 
in  Carroll,  Harrison,  and  Guernsey,  and  the  I^ower  Mahoning  is  usually 
represented  by  shale.  The  average  thickness  of  Conemaugh  in  this 
county  is  about  350  feet — a  decrease  of  almost  250  feet  from  ^IcDonald, 
in  Washington  county  of  Pennsylvania.* 

In  ]\fu8kingum  county,  west  from  Guernsey,  tlie  section  north  from 
the  Baltimore  and  Ohio  railroad  reaches  upward  to  the  Ames  limestone. 
The  Harlem  coal  persists  at  2  to  17  feet  below  that  limestone  and  the 
Cambridge  limestone  was  seen  at  09  fec»t  below  the  Ames.  The  Anderson 
coal  at  1  to  9  feet  above  the  Cambridge  limestone  is  equally  persistent 
with  the  Harlem,  but  for  the  most  part  both  beds  are  mere  streaks.  The 
Cambridge  limestone  is  fossiliferous,  buff  on  weathered  surface,  and 
often  flinty  and  is  127  feet  above  the  Upper  Freeport  (Cambridge)  coal. 
The  Lower  Mahoning,  fully  exposed  at  one  place,  consists  of  two  sand- 
stone plates,  20  and  7  feet,  separated  by  21  feet  of  mostly  sandy  shale. 

•E.   B.  Andrews:  Vol.   I!,   pp.   533-534,   535-530,   540-541. 
J.  J.  Stevenson:  Vol.  ill,  pp.  225-228. 
E.  Orton:  VoL  y,  pp.  82,  84,  87. 
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The  section  in  southern  ^luskingum  is  complete  and  the  following 

generalized  succession  may  be  compiled  from  measurements  by  Professor 

Andrews : 

Feet.  Inches 

1.  Pltt8burg  coal  bed 

2.  Interval  1  to    2  0 

3.  Limestone  1  0 

4.  Sandstone  27  0 

5.  Limestone  2  0 

6.  Red  shale 25  0 

7.  Coal  bed Trace 

a  Shale   90  0 

9.  Ames  limestoue 1  to    2  0 

10.  Shale  and  sandstone .  27  0 

11.  [Harlem]  coal  bed 0  to    2  « 

12.  Ck)ncealed  and  sandstone   44  to  48  0 

18.  Anderson  coal  l)ed 2  6 

14.  Clay  and  shale 10  0 

15.  Cambridge  limestone    8  to  12  0 

la  Clay  and  shale 50  0 

17.  Limestone  [Brush  Creek]   Thin 

18.  Concealed   3           0 

19.  Brush  Creek  coal  bed Thin 

20.  Clay  6           0 

21.  Lower  Mahoning  sandstone 40           0 

to  the  Upper  Freeport  coal  bed.  Xumber  8  contains  at  some  places  60 
feet  of  red  shale,  the  "Big  Kcd"  of  counties  farther  south ;  the  red  bod, 
Number  6,  is  apparently  the  same  with  that  seen  in  the  eastern  locali- 
ties. Xo  trace  of  the  Elk  Lick  coal  appears  in  any  of  the  sections 
and  the  Harlem  is  very  uncertain,  but  the  Anderson  is  persistent  at  about 
TO  feet  below  the  Ames,  sometimes  resting  almost  directly  on  the  (^im- 
bridge  limestone.  The  sandstone,  Number  1*2,  is  at  tlie  place  of  the 
Cowrun.  The  Brush  Creek  coal  and  limestone  are  very  thin  and  the 
former  is  reported  very  rarely.* 

Morgan  county  is  south  from  Muskingum.  In  the  central  and  north- 
em  portion  the  Pittsburg  coal  bed  is  142  to  150  feet  above  the  Amos 
limestone.  A  thin  limestone  appears  occasionally  at  a  few  feet  below 
the  Pittsburg  and  a  2-foot  coal  bed  is  at  73  feet,  possibly  the  Jeffers  of 
more  southern  localities.  The  Harlem  coal  bed  is  double  in  some  places, 
the  upper  division  directly  under  the  Ames,  and  the  lower,  occasionally 
of  workable  thickness,  at  20  or  even  30  feet  lower  and  resting  on  the 
Kwing  limestone.     Still  lower  is  the  Patriot  coal  of  Tiovcjoy,  about  40 

•E.  B.   Andrews:  Vol.  !,  pp.  314  et  seq. 
J.  J.    Stevenson:  Vol.   Hi,   pp.   284-289. 
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feet  above  the  Cambridge  limestone  in  Morgan  county  and  overlying  the 
Cownin  sandstone,  an  imy)ortant  rock  in  northwest  Morgan,  where  it  is 
the  First  oil  sand  of  the  Federal  Creek  and  Buck  Run  districts.  Tt  is  the 
140-foot  sand  of  the  Macksburg  area  and  the  Cowrun  of  Washington 
county.  An  oil-well  record  given  by  Professor  Bownocker  in  XTnion 
township  shows  an  almost  continuous  red  bed  beginning  at  33  feet  abr)ve 
the  Ames  and  extending  upward  to  156  feet,  to  the  place  of  the  Pittsburg, 
which  is  wanting.  Only  G  feet  of  red  shale  are  reported  below  the  Ames, 
and  that  limestone  is  131  feet  above  the  Cambridge,  which  is  only  70  feet 
above  the  Upper  Freeport  coal.  Tt  is  worth  noting  that  while  the  interval  • 
from  Ames  to  Cambridge  has  increased,  that  from  Ames  to  Upper  Free- 
port  is  but  201  feet — only  about  10  feet  more  than  in  southern  Mus- 
kingum. The  Cambridge  is  double  in  much  of  Morgan  and  at  times 
both  divisions  are  flinty,  but  in  several  townships  only  the  upper  division 
is  present.  The  interval  between  the  divisions  varies  from  5  to  10  feet 
and  holds  the  Anderson  coal  bed. 

Professor  Bownocker  reports  several  oil  records  from  eastern  Morgan. 
One  at  Browns  Mill,  near  the  southeast  corner,  shows  the  "Big  Red"  end- 
ing at  4  feet  above  the  Ames  limestone,  and  the  Cowrun  sandstone,  29 
feet  thick,  beginning  at  92  feet  Ixilow  it.  A  red  bed  at  184  feet  above  the 
Ames  is  very  near  the  place  of  the  Pittsburg  coal.  Seven  miles  west  the 
"Big  Bed,"  125  feet  thick,  ends  at  22  feet  above  the  Ames,  and  another, 
16  fet^t,  ends  at  40  feet  above  the  Caml)ridge  limestone.  These  reds  are 
very  irregular,  for  in  a  well  4  miles  farther  Avest  the  only  red  between 
Ames  and  Cambridge  is  42  feet  and  ends  at  65  feet  above  the  Cambridge, 
whereas  in  an  adjacent  well  there  are  two  beds  10  and  40  feet.  In  the 
most  western  well  coal  is  recorded  at  165  feet  below  the  Ames,  58  feet 
below  the  Cambridge,  evidently  the  Brush  Creek,  and  black  shale  at  42 
feet  lower  is  very  near  the  place  of  the  Upper  Freeport.  The  Conemaugh 
in  eastern  Morgan  is  not  more  than  360  feet  thick.* 

Xoble  county  is  east  from  Muskingum  and  Morgan,  south  from  Guern- 
sey. For  the  most  part  the  (-onemaugh  is  deeply  buried,  but  it  is  brought 
up  by  an  anticline  midway  in  the  county.  According  to  Professor  An- 
drews, the  interval  from  Pittsburg  to  the  Ames  in  the  northwest  portion 
is  150  feet.  Farther  east  on  the  Guernsey  border  this  interval  contain^ 
two  thin  limestones  at  46  and  54  feet  above  the  Ames  and  another,  very 
thin,  at  the  Pittsburg  horizon.  1'he  (yambridge  limestone  becomes  double 
near  the  Guernsey  line,  a  new,  upper  divisi(m  making  its  appearance, 

•  E.   B.   Andrews :  Vol.   1.   pp.   295-297.   303,   305. 
E.    Lovejoy  :  Vol.    vl,    pp.    6.11-635. 
J.  A.  Bownocker:  BuUetin  no.  1,  pp.  134,  136,  142. 
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which  becomes  the  important  bed  in  Morgan  and  other  counties  beyond 
toward  the  south.  Here  Professor  Andrews  found  6  inches  of  fossil- 
iferous  ore  on  6  inches  of  fossiliferous  shale  resting  on  the  Anderson 
coal  bed,  1  foot  6  inches  thick  and  10  feet  above  the  Cambridge  limestone 
proper,  also  fossiliferous,  which  is  125  feet  above  the  Upper  Freeport 
(Cambridge)  coal  bed.  Farther  south  he  finds  a  fossiliferous  limestone, 
below  which,  at  90  feet,  is  anotlier  fossiliferous  limestone,  dark  blue  and 
Bandy,  resting  on  a  coal  bed.  Still  farther  south,  and  near  the  AYashing- 
ton  County  line,  he  finds  the  lower  limestone  resting  on  its  coal  bed. 
The  higher  limestone  is  the  Ames  and  the  lower,  or  main  portion  of 
the  Cambridge,  is  about  100  feet  below  it.  An  oil  record  on  the  border 
of  Washington  county  and  18  miles  northeast  from'  the  Browns  Infill 
well,  in  Morgan  county,  shows  the  Ames  at  125  feet  above  the  Cam- 
bridge with  the  140-foot,  or  Cowrun,  sandstone,  5  feet  thick  and  26  feet 
above  the  Cambridge.  It  overlies  a  thin  coal  bed  separated  from  the 
limestone  by  red  shale.* 

Monroe  county  is  east  from  Noble  and  extends  to  the  Ohio  river.  The 
Conemaugh  and  even  much  of  the  Monongahela  formation  are  deeply 
buried.  The  Pittsburg  coal  bed  is  insignificant  and  in  a  great  part  of 
the  county  it  is  wanting ;  the  well  records  are  of  the  ordinary  type  and 
the  thinner  limestones  can  not  be  recognized,  but  the  "Big  Lime"  of  the 
Tjower  Carboniferous  is  persistent.  The  Mahoning  and  other  sandstones, 
so  insignificant  on  the  western  outcrop,  reappear  in  these  records,  and  it 
is  not  altogether  easy  to  correlate  them  with  those  in  Xoble  and  Morgan, 
as  the  "Big  Lime"  is  not  present  in  those  counties.  Professor  Bownocker 
gives  records  of  borings  in  Summit,  Wayne,  Perry,  Jackson,  and  Green 
townships,  and  Doctor  White  adds  one  on  the  Ohio  river  opposite  Sister- 
ville,  in  Tyler  county  of  West  Virginia.  These  extend  southeastward 
across  the  county,  the  first  being  about  6  miles  west  from  the  Xoble 
County  line.  A  thin  coal  bed  is  present  in  most  of  them  and  it  is  taken 
as  the  main  horizon,  the  numl)ers  indicating  distance  below  it. 

Feet.  Feet.           Feet.            Feet.           Feet.            B'eet 
Coal  bed  [Pittsburg].... 
Big  Red: 

Top    153  105 

Bottom   253  245 

Cowrun  saudstone: 

Top 453  507            520            470            534            430 

Bottom    678  900            540            485            565            480 

Coal  bed  [Brookvllle]   . .  678  705 

"Big  Lime" 1032  1060                           1060          1050 

•  B.  B.  Andrews :  Vol.  li,  pp.  510,  511,  513,  615,  517,  618. 
J.  A.  BowDOcker:  Bulletin  no.   1,   p.   100. 


192       J.  J.  STEVENSON — CARBONTFEROl  S  OP  APPALACIItAK  BASIN   . 

Where  no  numbers  are  given  the  well  record  is  incomplete.  In  many 
cases  the  sandstones  alone  are  recorded.  The  coal  l)ed,  sometimes  want- 
ing and  alwavs  very  thin,  is  the  Pittsburg.  It  is  evident  that  the  'Tow- 
run"  is  not  the  same  l)ed  in  all  of  these  wells.  At  the  Summit  locality 
one  is  at  little  more  than  12  miles  northeast  from  the  well  in  south om 
Xoble,  where  both  Ames  and  Cambridge  limestones  are  present  and  the 
latter  is  about  300  feet  below  the  Pittsburg.  The  interval  from  Pitts- 
burg to  the  "Big  Lime"  in  Monroe  does  not  justify  the  supposition  that 
there  is  any  notable  thickening  of  the  measures  in  this  direction.  Evi- 
dently the  sandstone  beginning  at  430  to  453  and  ending  at  480  to  485 
is  the  Mahoning,  which  in  the  Summit  well  is  continuous  with  the  All«^ 
gheny  and  in  the  Wayne  well  is  continuous  through  the  Allegheny  into 
the  Pottsville.  The  Brookville  coal  bed  at  678  and  705  fe(»t  will  prove 
to  be  a  useful  guide  in  Washington  county.* 

The  Hocking  Valley  coal  field  of  Ohio  embraces  portions  of  Perry. 
Hocking,  and  Athens  counties  along  the  western  outcrop.  Professor 
Orton's  generalized  section  for  the  lower  portion  of  the  Conemaiigh  in 
the  western  part  of  these  counties  is : 

Feet  Inches 

1.  Ames  Mmestone 5  jD 

2.  Shale,  red  or  drab 45  0 

:{.  Ewlng  Umestone 3  0 

4.  Shale,  red  or  drab 40  0 

5.  Cambridge  limestone,  black,  iu  2  benches 10  0 

(J.  Shale   25  0 

7.  Mahoning  ( ?)  [Buffalo]  sandstone 20  0 

8.  Brush  Creek  coal 2  6 

9.  Shale   15  0 

10.  Brush  Creek  [MahoniugJ  limestone 0  to    3  6 

11.  MalM)ning  sandstone  or  shale 15  to  25  0 

the  Cambridge  limestone  being  98  feet  below  the  Ames  and  about  80  fei^t 
above  the  Tapper  Freeport  coal  bed ;  but  tlie  variation  is  extreme  in  the 
outlying  areas  of  Perry  and  Hocking.  At  one  locality  in  the  former, 
according  to  Professor  Orton,  the  section  l)egins  with  the  Elk  Lick  coal 
at  16  fet^t  above  the  Ames  and  reaches  to  the  Upper  Freeport,  giving  in 
all  only  115  feet  from  Ames  to  Upper  Freeport,  all  members  of  the  sec- 
tion being  present,  thus  making  less  than  275  for  the  whole  of  the  Cone- 
maugh;  but  another  section  farther  east  in  the  same  county  shows  the 
Cambridge  94  feet  6  inches  above  the  I^'pper  Freeport  and  52  feet  above 
the  Brush  Creek  coal  bed.     The  section  in  Hocking  county  covers  the 

•  J.  A.  BowDOckor :  Bulletin  no.   1.  pp.  201.  210,  212. 
I.  C.  White:  Geology  of  West  Virginia,  vol.  I.  p.  35«. 
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whole  of  the  Conemaugli.  Air  Read  found  the  Pittsburg  coal  l)od  1 15 
feet  above  the  Ames  limestone  and  the  latter  112  feet  above  the  Cam- 
bridge, which  is  only  72  feet  above  the  Upper  Freeport,  giving  thus  a 
thickness  of  329  feet  for  the  Conemaugli.  The  Brush  Creek  coal  bed 
and  the  Mahoning  limestone  are  present  in  his  sections,  the  latter  being 
sometimes  only  an  ore  bed.* 

Athens  county  is  south  from  Perry  and  Morgan  and  east  from  Hock- 
ing. Professor  Andrews  finds  the  Ames  limestone  138  to  145  feet  below 
the  Pittsburg  (Federal  Creek)  coal  and  the  Cambridge  limestone  at 
85  to  90  feet  lower,  with,  at  some  localities,  the  intermediate  Ewing 
limestone  at  50  feet  above  the  Cambridge.  The  Ames  is  180  to  190  feet 
above  the  Upper  Freeport  (Baileys  run)  coal  bed,  practically  the  same 
as  in  Read's  Sunday  Creek  section  in  Morgan  county,  so  that  the  Cone- 
raaugh  in  all  is  al)Out  330  feet  thick.  Limestones,  not  wholly  persistent, 
are  4  to  6  and  75  feet  below  the  Pittsburg.  The  Harlem  coal  seems 
to  be  persistent  at  about  25  feet  below  the  Ames  and  at  times  underlies  a 
sandy  black  fossiliferous  shale.  The  interval  between  Ames  and  Cam- 
bridge is  fully  exposed  near  Athens,  midway  in  the  county,  where,  aside 
from  the  Harlem  coal  and  Ewing  limestone,  it  contains  only  shale  and 
laminated  sandstone,  34  feet  of  the  latter  resting  on  the  Cambridge  lime- 
stone, the  Cowrun  sandstone.  The  Cambridge  limestone  is  double  in  the 
northern  part  of  the  coimty  and  the  interval  between  the  divisions  is  at 
times  more  than' 25  feet;  but  the  lower  division,  underlying  the  Anderson 
coal  bed,  disappears  midway  in  the  county,  to  reappear  irregularly 
farther  south.  In  this  region  the  upper  division  is  persistent.  Occa- 
sionally one  or  both  are  flinty,  but  the  upper  is  sometimes  pure  enough  to 
yield  good  lime.  The  interval  l^etween  Ames  and  Pittsburg  in  the  eastern 
township  of  Ames  is  140  feet,  according  to  Andrews,  but  Mr  Ijovejoy 
finds  it  171  farther  west,  where  the  section  shows  great  variation.  A 
coal  and  limestone — perhaps  the  Jeffers — are  sometimes  present  at  54 
to  57  feet ;  a  white  limestone  underlies  the  Pittsburg  at  one  locality,  but 
at  another,  one  finds  28  feet  of  red  shale;  while  at  a  third,  heavy  sand- 
stone fills  the  whole  interval  to  the  Ames. 

On  the  Morgan- Athens  border  the  Ames  is  170  feet  below  the  Pitts- 
burg, and  in  Ames  township  of  the  latter  it  is  115  feet  above  the  Cam- 
bridge limestone,  evidently  the  Upper  Cambridge,  for  it  underlies  33  feet 
of  sandy  shale,  representing  the  Cowrun  sandstone.  Here,  at  6  miles 
east  from  the  line  of  Washington  county,  Professor  Bownocker's  measure- 
ments and  oil-well  records  make  the  Cambridge  limestone  285  feet  below 

•  M.    C.   Bead :  Vol.   ill.   pp.   679,   705. 
B.    Orton:  Vol.  ▼,  pp.   100*101,  920. 

XVI — Bull.  Geol.  Soc.  Am.,  Vol.  17.  1905 
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the  Pittsburg.  The  "Big  Red"  rests  on  the  Ames,  but  is  only  from 
15  to  40  feet  thick.  Two  other  reds,  5  and  20  feet,  are  at  10  and  30  feel 
above  the  Cambridge,  but  are  not  present  in  aU  of  the  wells.* 

Croesing  into  Washington  county,  east  from  Morgan  and  Athens,  south 
from  Noble,  and  extending  to  the  Ohio  river,  one  finds  the  Conemaugh 
for  the  most  part  deeply  buried ;  but  the  Cowrun  anticline  brings  it  up 
in  a  narrow  strip  east  from  the  middle  line  of  the  county. 

A  wel!  record  reported  by  Professor  Bownocker  from  the  northwestern 
part  of  the  county  shows  the  Cambridge  limestone  at  120  feet  below  the 
'^ig  Red,"  which  is  95  feet  thick,  broken  by  15  feet  of  shale.  The 
Ames  is  not  reported  here,  but  it  is  present  at  3  miles  northeast,  on  the 
Morgan  border,  where  it  is  4  feet  below  the  '^ig  Red."  The  Pittsburg 
coal  is  wanting  at  both  places  and  no  coal  appears  in  the  section  for  180 
feet  above  tlie  place  of  the  Ames.  In  one  record  a  sandstone  35  feet 
thick  and  overlying  a  thin  limestone  is  at  135  feet  above  the  Ames,  evi- 
dently belonging  almost  directly  under  the  place  of  the  Pittsburg.  In 
the  more  northerly  well  the  Cambridge  is  apparently  about  125  feet  below 
the  place  of  the  Ames,  and  so  somewhat  less  than  300  feet  below  the 
Pittsburg.  Macksburg,  on  the  Noble  County  border,  is  at  17  miles 
northwest;  there  the  Ames  is  1*^5  feet  above  the  Cambridge  and  the  latter 
is  363  feet  below  the  Macksburg  coal  bed,  which  is  about  90  feet  above 
the  Pittsburg.  The  first,  or  140-foot,  sand  of  this  region,  the  Cowrun, 
is  35  feet  thick  at  Macksburg  and  its  top  at  a  mile  east  in  Noble  county 
is  1)9  feet  below  the  Ames.  The  interval  from  Pittsburg  to  Cambrdige 
is  somewhat  less  than  in  western  Washington.  A  great  sandstone  78  feet 
thick  begins  at  176  feet  below  the  Cowrun  and  continues  to  523  feet 
below  the  place  of  the  Pittsburg.  This  has  been  correlated  with  the 
Mahoning,  but  it  belongs  more  probably  in  the  Allegheny  in  part,  for  the 
bottom  of  the  Mahoning  in  southern  Monroe,  18  miles  northeast,  can  not 
be  placed  lower  than  480  feet  l)elow  the  Pittsburg. 

Thirteen  miles  east  of  south  from  Macksburg  and  15  miles  southwest 
from  Green  township  of  Monroe  county  is  Cowrun,  in  Liawrence  town- 
ship of  Washington.  The  Cowrun  uplift  passes  north  and  south  through 
this  township  and  exposes  the  Conemaugh  to  about  70  feet  below  the 
Ames  limestone.  Good  exposures  of  the  interval  above  the  Ames  are 
rare,  but  Professor  Andrews  found  a  limestone  at  98  feet  below  the  Pitts- 
burg, 136  feet  above  the  Ames  in  both  Lawrence  and  Newport  townships, 
and  in  the  latter  a  coal  bed  at  40  feet  above  the  limestone,  which  is  at  the 

•  E.  B.  AndrewB :  Vol.  1,  pp.  264-265,  270,  273-274.  278,  280,  289. 
E.    liovejoy:  Vol.    vl.    pp.    632-633,    645-046. 
J.  A.  Bownocker:  Bulletin  no.  1,  pp.  132-133. 


CONKMAUGH    FOUMATlOK    IN    OHlO  l95 

place  of  the  Jeifers  coal  of  Gallia  county — probably  a  Little  Pittsburg. 
He  gives  a  record  from  Lawrence  near  Cowrun  on  the  authority  of  the 
late  F.  W.  Minehall,  for  whom  the  well  was  drilled.  The  section,  begin- 
ning at  140  feet  below  the  Pittsburg  coal  bed,  is : 

Feet        Inches 

1.  AUuvlum    22  0 

2.  Red  and  blue  shale 74  0 

3.  Fossillferous  limestone  [Ames] 1  6 

4.  Yellow  shale 18  0 

5.  Coal  [Harlem]   Thin 

0.  Interval  20  0 

7.  Sandstone 30  0 

8.  Clay 4  0 

9.  Interval,  coal  [Brookvllle]  near  bottom 377  0 

10.  Sandstone 130  0 

Here  one  has  the  "Big  Red''  over  the  Ames,  and  the  Harlem  coal  is  at 
256  feet  below  the  Pittsburg.  The  interval  to  the  Ames  is  a&  large  as 
that  to  the  Cambridge  along  the  western  outcrop,  which  misled  Andrews 
into  identifying  this  limestone  with  the  Cambridge.  The  bottom  of  the 
sandstone,  Number  7,  regarded  by  him  as  the  Cowrun,  is  305  feet  below 
the  Pittsburg  coal.  In  the  record  of  the  Centennial  well  published  by 
Professor  Bownocker  the  top  of  the  Cowrun  sandstone  is  314  feet  below 
tlie  Pittsburg,  and  that  bed  is  47  feet  thick,  resting  on  23  feet  of  red 
shale.  The  bottom  of  the  "Big  Red"  is  at  223  feet.  A  sandstone  10  feet 
thick  at  479  feet  is  at  the  place  of  the  Mahoning.  There  is  no  thickening 
of  the  measures  here  as  compared  with  more  northerly  localities,  for  the 
Brookville  coal  bed,  at  705  feet  in  the  Monroe  well,  is  here  at  701,  and  in 
the  Minshall  well  at  about  686  feet.  The  bottom  of  the  sandstone  below 
this  coal  is  814  in  the  Minshall  well,  828  in  the  Centennial,  and  800  feet 
in  one  of  the  Monroe  wells. 

Going  southward  into  Newport  township,  one  finds  on  the  Ohio  river 
Professor  Andrews'  section  of  the  Ames  and  associated  rocks,  which  is 
almost  exactly  the  same  as  in  the  Minshall  boring.  In  a  well  near  by, 
drilled  for  Mr  Minshall,  the  Harlem  coal  bed  rests  directly  on  44  feet 
of  pebbly  sandstone,  below  which  for  210  feet  are  blue  and  red  shales 
resting  on  100  feet  of  sandstone,  beginning  at  508  feet  below  the  Pitts- 
burg, and  at  709  feet  is  the  Brookville  coal,  with  black  shale  resting  on 
120  of  sandstone  to  828  at  the  bottom  of  the  well.  The  100  feet  of  sand- 
stone must  be  taken  as  belonging  within  the  Allegheny.  At  6  or  7  miles 
northwest  from  this  locality  and  at  the  same  distance  west  from  the 
Cowrun  wells  is  the  record  of  a  well  at  Marietta  published  by  Professor 
Orton.     There  the  Pittsburg  and  the  "Big  Lime"  are  wanting  and  the 
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only  horizons  to  be  dependod  on  are  the  *'Big  Red"  and  the  Brookville 
coal  bed  at  the  bottom  of  the  Allegheny.     The  succession  is : 

Feet 

1.  Sandstone 20 

2.  Red  POck    95 

3.  Sandstone  35 

4.  "Big  Red" 100 

5.  Shale   20 

6.  Red  rock  and  slate 150 

7.  Red  sandstone  and  mud 40 

8.  Mahoning  sandstone  10  feet  ^ 

Mahoning  black  shale 20  feet  C  60 

Mahoning  sandstone 30  feet  j 

9.  Slate 15 

10.  Sandstone  80 

11.  Slate 105 

12.  Sandstone  30 

^3.  Slate  and  shale 15 

14.  Coal  bed  5 

15.  Slate 25 

16.  Sandstone  70 

Here  one  has  the  little  coal  bed  of  the  other  wells.  The  high  red  bed 
is  that  associated  with  the  Pittsburg  coal  at  many  places  in  Ohio,  while 
the  overlying  sandstone  is  the  Pittsburg  sandstone,  which  farther  west 
and  south  approaches  very  closely  to  the  coal.  The  place  of  the  Ames  is 
in  the  upper  part  of  Numljer  6.  The  Cowrun  sandstone  is  wanting  and 
the  Mahoning  is  represented  by  Number  8. 

Four  miles  below  Marietta,  along  the  Ohio  river,  one  has  a  partial 

record  published  by  Doctor  Wliite: 

Feet 

First  Cowrun  sandstone  23 

Interval    157 

Sandstone 100 

Interval   90 

Second  CJowrun  sandstone 16 

Professor  Bownocljer  says  that  the  highest  sandstone,  at  its  bottom,  is 
about  100  feet  below  the  "Big  Rod,"  85  feet  thick  and  overlying  a  thin 
limestone  which  he  thinks  may  be  the  Ames.  The  middle  sandstone 
would  be  about  520  below  the  Pittsburg  and  equivalent  to  that  in  the 
Minshall  well  of  Newport  township,  belonging  therefore  to  the  Alle- 
gheny, there  being  no  sandstone  here  at  the  Mahoning  horizon.* 

*B.   B.  Andrews:  Vol.   11.   pp.   497,   502-508,   505. 
B.   Orton:  Vol.  ▼!,   p.   399. 

I.  C.  White :  Geology  of  West  Virginia,  vol.  I,  pp.  286,  288. 
J.  A.  BowDocker:  Bulletin  no.  1,  pp.  134-136,  169,  175-176. 
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Returning  to  the  western  outcrop :  A  few  insignificant  areas  in  Vinton 
county  reach  to  the  Cambridge  limestone,  which  is  gray  fossilifcrous  and 
108  feet  above  the  Shawnee  or  Upper  Freeport  limestone.  Coal  beds 
are  at  31  and  50  feet  below  it,  possibly  Brush  Creek,  and  that  at  an  upper 
horizon  dividing  the  Buffalo  sandstone  as  at  some  localities  farther  north. 
But  here,  as  in  Jackson  county,  where  Professor  Orton  found  a  coal  bed 
at  93  feet  above  the  Upper  Freeport  and  underlying  a  conglomerate,  the 
section  is  a  single  instance  and  so  far  from  any  other  exposure  that  no 
positive  identifications  can  be  made.* 

In  Meigs  county,  south  from  Athens  and  extending  eastward  from 
Jackson  to  the  Ohio  river,  one  finds  the  Conemaugh  deeply  buried  in  the 
eastern  portion,  but  exposed  in  the  western.  In  this  area,  as  in  southern 
Athens,  the  Pittsburg  sandstone  overlies  the  Pittsburg  (Pomeroy)  coal 
or  is  separated  from  it  at  most  by  17  feet  of  sandy  shale.  Professor  An- 
drews gives  many  sections.  Seven  miles  west  from  Pomeroy  the  Ames 
and  Cambridge  limestones  are  respectively  147  and  236  feet  below  the 
Pittsburg  coal  bed,  but  nearer  Pomeroy  the  latter  interval  is  only  221. 
In  the  western  townships  the  Cambridge  is  frequently  a  "whitish  fossil- 
ifcrous" limestone,  and  a  coal  bed  at  the  Harlem  horizon  often  appears 
about  60  feet  above  it.  At  25  feet  below  the  Cambridge  is  a  coarse  sand- 
stone and  conglomerate,  of  which  30  feet  were  seen;  it  is  in  the  place  of 
the  Buffalo  sandstone,  which  belongs  under  the  Lower  Cambridge  lime- 
stone of  southern  Ohio,  the  Cambridge  limestone  of  Pennsylvania  and 
northern  Ohio.  Mr  Lovejoy  finds  the  Cambridge  limestone  double  in  the 
northwest  part  of  the  county,  but  the  lower  division  becomes  very  uncer- 
tain at  a  little  way  south.  The  Upper  Cambridge,  27  feet  above  the 
Lower,  is  112  feet  above  the  Upper  Freeport  within  the  interval,  the 
Anderson  at  19  and  the  Brush  creek  at  45  feet  below  it.  At  another 
locality,  2  miles  away.  Professor  Andrews  found  the  Upper  Cambridge 
at  47  and  109  feet  above  the  Brush  Creek  and  Upper  Freeport  coals. 

Five  or  six  miles  west  from  Pomeroy,  red  shale,  19  feet  thick,  is  at  50 
feet  below  the  Pittsburg,  and  a  coal  bed  near  the  Barton  horizon  is  at  203 
to  205  feet.  Red  shale  is  exposed  above  the  Ames  at  one  locality,  and  at 
another  that  limestone  overlies  a  bed,  35  feet,  the  place  of  the  Pittsburg 
reds.  The  Mahoning  is  often  sandstone,  and  Mr  Lovejoy  gives  it  as  56 
feet  in  one  measurement.  The  whole  thickness  of  Conemaugh  at  6  miles 
west  from  the  Ohio  river  is  about  350  feet. 

Professor  Orton  publishes  the  record  of  a  well  drilled  at  Pomeroy, 
beginning  64  feet  below  the  Pittsburg  coal  bed.     The  record  is  im- 

•  E.    B.    ADdrews :  Report   for    1870,    p.    117. 
B.   Orton:  Vol.   v,   pp.   1026-1026. 
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portant  because  the  samples  were  carefully  examined  and  tested  when 
brought,  up.  Pomeroy  is  6  miles  east 'from  the  locality  at  which  Pro- 
fessor Andrews  found  the  Ames  and  Cambridge  147  and  236  feet  below 
the  Pittsburg.  In  the  boring,  red  rock  38  and  42  feet  was  found  begin- 
ning at  93  and  151  feet  below  the  Pittsburg,  the  latter  being  the  'TBig 
Bed"  belonging  above  the  Ames.  A  fossiliferous  limestone  at  285  is  the 
Cambridge,  the  interval  being  47  feet  greater  than  at  the  western  locality. 
The  Cowrun  sandstone  overlying  the  Cambridge  is  coarse.  The  Mahon- 
ing (Lower)  sandstone  is  at  379  to  431  feet,  a  more  or  less  pebbly  rock, 
while  the  great  sandstone  of  the  Allegheny  begins  at  15  feet  lower,  as  in 
Newport  township  of  Washington,  and  the  Brookville  coal  bed  is  at  675 
feet.  Dark  shale  overlying  limestone  is  reported  directly  under  the 
Mahoning  and  it  may  be  the  Upper  Preeport,  thus  giving  a  little  more 
than  430  feet  as  the  thickness  of  the  Conemaugh — an  increase  of  nearly 
about  70  feet  in  six  miles — while  it  is  50  feet  less  than  in  eastern  Wash- 
ington county  and  the  interval  from  Pittsburg  to  Brookville  is  also  40 
feet  less.  The  boring  does  not  reach  to  the  "Big  Lime,"  which,  at  a 
point  6  miles  southeast,  is  at  1,190  feet  below  the  Pittsburg  coal  bed.  At 
Pomeroy  one  is  40  miles  southwest  from  Marietta.* 

Passing  over  into  Oallia  county,  extending  along  the  Ohio  river  south 
from  Meigs  and  adjoining  Mason  county  of  West  Virginia,  one  finds  near 
the  western  border  an  outlier  of  the  Pittsburg  coal  bed  with  the  Cam- 
bridge limestone  at  240  feet  below  it.  Tliis  is  in  Perry  township,  10 
miles  west  from  Gallipolis,  on  the  Ohio,  and  20  miles  southwest  from 
Pomeroy.  About  6  miles  farther  north,  according  to  Professor  Orton, 
the  limestone  is  again  double,  the  interval  between  the  divisions  being 
18  feet.  At  57  feet  below  the  Upper  Cambridge  is  a  coal  blossom  which 
is  77  feet  above  the  Upper  Freeport,  while  at  28  feet  above  the  latter  is  a 
limestone,  thus  making  the  thickness  of  the  Conemaugh  about  375  feet — 
an  increase  of  about  25  feet  over  the  average  in  Meigs.  At  about  5  miles 
northwest  from  Gallipolis  the  Cambridge  is  248  feet  below  the  Pittsburg 
(Pomeroy)  coal  bed  and  is,  as  in  much  of  Meigs,  a  wliite  limestone.  The 
Ewing  limestone  was  seen,  at  about  4  miles  west  from  Gallipolis,  183  feet 
below  the  Pittsburg  and  underlying  20  feet  of  red  shale.  Another  meas- 
urement only  2  miles  from  Gallipolis  shows  the  Cambridge  at  200  feet 
below  the  Jeffers  coal,  or  about  250  feet  below  the  Pittsburg,  and  red 
shale  16  feet  thick  is  at  30  feet  above  it.  Two  feet  of  limestone  at  50  feet 
above  the  Cambridge  may  represent  the  Ewing.     The  place  of  the  Ames 

•  B.  B.  Andrews :  Vol.  1,  pp.  249,  250-253. 
E.  Orton:  Vol.  vl.   p.  397. 
E.   Lovejoy:  Vol.  yi,  p.  633. 
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limestone  is  concealed  in  the  sections  by  Atidrews  and  Gilbert,  but  it  was 
seen  by  Mr  Lovejoy  in  the  northern  townships,  along  the  Meigs  border, 
at  5  or  6  miles  southwest  from  Pomeroy.  The  Jeffers  coal,  separated 
by  40  to  50  feet  of  sandstone  and  shale  from  the  Pittsburg,  occasionally 
attains  economic  importance  in  the  eastern  part  of  the  county,  where  it  is 
accompanied  by  a  persistent  impure  limestone  1  to  10  feet  below  it. 
Near  Gallipolis  a  bed  of  red  shale  20  feet  thick  begins  at  132  feet  below 
the  Pittsburg,  very  near  the  horizon  of  the  "Big  Red."t 

Lawrence  county  is  south  from  Gallia  and  extends  along  the  Ohio 
river,  adjoining  Cabell  and  Wayne  counties  of  West  Virginia  and  Boyd 
of  Kentucky.  The  section,  as  measured  by  Mr  Emerson  McMillin  near 
Greasy  ridge  and  Arabia,  about  12  miles  north  from  Central  City,  in 
West  Virginia,  and  nearly  20  miles  west  of  south  from  Gallipolis,  is : 

Feet.  Inches 

1.  Pittsburg  coal  

2.  Interval 150  0 

3.  Ames  limestoue 2  to      4  0 

4.  Interval  92  0 

5.  Slate  coal  2  6 

6.  Interval 35  0 

7.  Cambridge  limestone 3  0 

8.  Coal  bed  [Anderson]  3  0 

9.  Shale   10  to    25  0 

10.  Lower  Cambridge  limestone 3  0 

11.  Shale   6  0 

12.  Sandstone  [Buffalo]    42  0 

13.  Coal  bed  [Brush  Creek,  Upper] 3  to      4  0 

14.  Clay   4  0 

15.  Shale   20  0 

16.  Coal  bed  [Brush  Creek,  Lower] 2  0 

17.  Ore  bed  [Mahoning]   2  0 

18.  Mahoning  sandstone  20  0 

to  the  Upper  Freeport  (Waterloo)  coal  bed,  giving  in  ail  about  400  feet 
for  the  Conemangh;  but  this  is  the  minimum,  the  maximum  being  be- 
tween 420  and  430  feet.  The  Upper  Cambridge  is  at  '^80  feet  below  the 
Pittsburg,  very  nearly  the  same  as  in  the  Pomeroy  well.  The  Slate  coal 
bed  is  very  near  the  Barton  horizon,  at  which  coal  has  appeared  sporadic- 
ally at  many  places  along  this  western  outcrop.  In  a  personal  communi- 
cation, Mr  ]tfcMillin  states  that  the.  Upper  Caml)ridge  is  comparatively 
pure,  usually  yielding  a  good  lime,  but  the  lower  is  always  siliceous,  often 
flinty,  and  frequently  represented  only  by  calcareous  shale.     Tlie  iri- 

•  B.   B.  Andrews :  Vol.  i,  pp.   232,  235-236. 
B.    Orton:  Vol.   v,   p.   1040. 
B.   LoTeJoy:  Vol.  yl,  p.  682. 
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terval  between  the  beds  varies  from  10  to  30  feet  and  the  Anderson  coyl 
seems  to  be  present  generally;  the  coal  Number  13  is  from  28  to  60  fp«;i 
below  the  Anderson.  The  Mahoning  interval  at  times  increases  to  10 
feet.  In  this  part  of  the  county  the  Cambridge  is  about  260  feet  «bove 
the  Vanport  (Ferriferous)  limestone. 

The  Cambridge  limestone  is  very  persistent  and  appears  in  many  of 
the  sections  measured  by  Andrews  and  Gilbert  in  various  parts  of  the 
county,  sometimes  single,  sometimes  double,  the  upj>er  division  8t»parat  'J 
from  the  Anderson  coal  bed  by  black  shale.  It  is  230  feet  above  the 
Vanport  (Ferriferous)  limestone,  on  the  Ohio  river  at  about  3  mil^.'S 
below  I  ronton,  the  only  direct  measurement  obtained  along  the  river. 
At  7  miles  north  from  Catlettsburg,  Kentuck}',  the  Upper  Cambridar*'  is 
12  feet  above  the  Anderson  coal  bed  and  120  above  the  Upper  Freeport. 
Measurements  along  the  river  or  within  3  or  5  miles  west  or  north  from 
it  are  wanting,  as  the  rocks  are  mostly  soft  and  the  slope  rises  in  bene  lu^s 
covered  by  loose  material  so  deep  as  to  mask  everything.* 

KSyTUCKY 

Passing  over  into  Kentucky,  one  finds  Professor  Crandall's  generalized 

section  for  the  northeastern  counties  as  follows: 

Feet 

1.  Greenish  sandstone  and  shale 60 

2.  Impure  limestone  [Ajues  ( ?)  ] 

3.  Concealed   16 

4.  Coal  bed  12  [Harlem  ( ?)] 

5.  Sandstone  and  Ore 55 

6.  Impure  limestone  [Upper  Cambridge]  

7.  Sandstone  and  shale 21 

8.  Coal  bed  11  [Andersonl 

9.  Sandstone  or  shale  39 

10.  Ore  and  Second  Fossiliferous  limestone  [Lower  Cam- 

bridge]   

11.  Coal  10  

12.  Sandstone,  some  shale  [Buffalo  and  Mahoning] 60 

13.  Coal  bed  9  [Upper  Freeport] 

but  the  intervalH  vary  greatly  from  those  given  in  this  section. 

The  Tapper  Freeport  coal  bed  is  absent  from  much  of  the  area.  Onlv 
the  lowest  members  of  the  formation  reach  into  Greenup  county  and  ih«* 
western  outcrop  passes  through  wef^tern  Boyd  and  eastern  Carter;  tbe 
highest  beds  are  reached  in  Lawrence  county. 

*  B.   McMlllIn :  Vol.   ▼.   p.    122.     This  section   an  published   by  Professor  Orton    has 
been  modified  in  accordance  with  Mr  McMlUtn's  notes. 
G.  B.  Andrews:  Report  for  1870,  pp.  195,  204,  207. 
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The  Lower  Cambridge  (Second  Fossiliferous)  limestone  is  at  60  to  05 
feet  above  the  Upper  Freeporl  coal  bed,  the  greatest  interval  being  in 
northeastern  Boyd  and  the  least  in  southeastern  Carter.  The  Upper 
Cambridge  (Third  Fossiliferous)  limestone  is  50  to  60  feet  above  the 
Lower.  Doctor  White  finds  at  Catlettsburg  a  dark  fossiliferous  lime- 
stone 160  feet  above  the  Upper  Freeport  coal  bed,  evidently  the  UpjKjr 
Cambridge,  as  at  a  little  way  southwest  Professor  Crandall  measured  150 
feet  as  the  interval.  Mr  McMillin's  section  in  southeastern  Ohio  gives 
the  interval  to  Tjower  Cambridge  as  99  feet  and  that  to  Upper  Caru- 
bridge  as  at  most  131  feet,  with  the  Anderson  coal  bed  at  15  to  ^>  feet 
above  the  Lower.  The  interval  l)etween  the  limestones  has  almost 
doubled  in  15  miles.  Coal  bed  10  is  present  at  many  places  almost 
directly  under  the  Lower  Cambridge  limestone;  this  is  a  new  horiz(.»n, 
apparently  without  coal  in  other  states,  except  perhaps  in  Wayne  county 
of  West  Virginia.  The  interval  l)etween»  Upper  Freeport  coal  aud 
Lower  Cambridge  limestone  is  frequently  filled  with  sandstone  in  Boyd 
county,  the  upper  portion,  equivalent  to  the  Buffalo  sandstone,  being 
ordinarily  very  coarse,  as  in  southern  Ohio.  No  representative  of  the 
Brush  Creek  coal  is  reported  anywhere  except  in  southeast  Carter,  where 
at  one  locality  a  thin  coal  bed  was  seen  45  feet  above  the  Upper  Freeport 
and  underlying  the  coarse  Buffalo  sandstone;  it  is  at  the  place  of  the 
Upper  Brush  Creek  coal  bed  in  Mr  McMillin's  section. 

In  northwestern  Lawrence  the  T^wer  Cambridge  is  70  feet  above  the 
Upper  Freeport  coal  bed  and  100  feet  l>elow  the  Fourth  Fossiliferous 
limestone,  which  may  be  either  the  Ames  or  the  lilwing  limestone,  both 
of  which  are  persistent. in  southern  Ohio.  At  one  point  on  the  East  fork 
of  Little  Sandy  the  interval  between  Tx)wer  Cambridge  and  the  Anderson 
coal  bed  is  50  feet;  the  coal  is  3  feet  6  inches  thick,  but  elsewhere  in 
Jjawrence  as  well  as  in  Boyd  the  bed  is  unimportant.  On  Jourdans 
branch  the  Upper  Cambridge,  gray,  is  50  feet  above  the  Tjower  and  133 
feet  above  the  Upper  Freeport.  At  95  feet  above  the  Tjower  Cambridge 
is  a  chcrty  limestone,  the  Fourth,  at  a  short  distance  above  a  coal,  which 
is  the  highest  observed  in  this  part  of  the  state  and  may  possibly  be  at  the 
Harlem  horizon.  Elsewhere,  as  may  be  seen  by  reference  to  the  general- 
ized section,  the  intervals  are  greater.  The  highest  deposits  remaining 
are  near  Louisa,  in  the  central  part  of  Lawrence  county,  where  one  finds 
greenish  beds  above  the  place  of  the  Fourth  limestone.  At  Louisa  the 
Tpper  Cambridge  is  200  feet  above  the  Lower  Freeport  coal  bed,  190  feet 
above  the  Upper  Freeport  (Shawnee)  limestone.  The  Fourth  limestone 
may  disappear  as  limestone  not  far  south  from  Louisa.  In  the  north- 
western part  of  the  county  it  is  a  fossiliferous  limestone;  on  Jourdans 
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fork  it  is  represented  by  chert)'  limestone,  but  near  Louisa  its  place  is 
occupied  by  green  calcareous  sandstone.  The  Lower  Cambridge  lime- 
stone is  present  at  12  miles  south  from  Louisa,  near  the  line  of  Johnson 
county. 

Coarse  rocks  occur  commonly  between  the  Upper  Preeport  and  the 
Lower  Cambridge  in  the  northern  part  of  Lawrence,  but  southwardly  tlie 
deposits  are  finer  and  there  is  little  of  coarse  material.  Red  shale  is  re- 
ported only  from  Catlettsburg,  in  northeast  Boyd,  where  it  underlies  the 
place  of  the  Upper  Cambridge. 

Southward  from  Lawrence  county  the  section  is  uncertain.  The  anti- 
cline in  Johnson  and  southern  Tjawrence  has  led  to  removal  of  Conc- 
maugh  and  much  of  Allegheny  from  a  broad  strip,  beyond  which  at 
present  correlation  is  impossible.  It  seems  altogether  probable  that 
some  Conemaugh  remains  in  Pike  county;  it  is  possible  that  there  may 
be  some  even  in  southwestern.  Virginia,  but  at  present  no  correlation  may 
be  attempted.  Mr  J.  M.  Hodge's  revised  section  in  Wise  county  of  Vir- 
ginia shows  that  the  material  on  which  the  writer  depended  for  that  area 
is  unexpectedly  incomplete,  and  that  the  plane  of  separation  drawn  be- 
tween Pottsville  and  Allegheny  in  southwestern  Virginia  and  the  adja- 
cent portion  of  Kentucky  may  be  incorrect.* 

WBBT  VIRGINIA 

Returning  to  the  east  and  entering  West  Virginia  on  the  west  side  of 
Chestnut  ridge,  in  continuation  of  the  Third  bituminous  basin  of  Penn- 
sylvania, one  has  Doctor  White's  Morgantown  section,  which,  con- 
densed^ is: 

Feet  Inches 

1.  Pittsburg  coal  bed 

2.  Interval  ; 34  0 

3.  Little  Pittsburg  coal  bed 1  6 

4.  Sandy  shale  17  0 

5.  Limestone  [Pittsburg]    1  0 

6.  Interval  27  0 

7.  Sandstone  and  sandy  shale  [Connellsville] ...     60  0 

8.  Shales    20  0 

0.  Black  shale  [Little  Clarksburg] 1  0 

10.  Clarksburg  limestone 1  0 

11.  Shale  and  sandstone.  46  feet  )  ,  , 

Sandstone 20  feet  }  [Morgantown]     65  0 

12.  Elk  Lick  coal  bed 3  0 


*  A.  R.  Crandall :  Greenup,  Carter,  and  Boyd  counties,  p.  25,  plates  1,  26 ;  figs.  1,  7  ; 
30,  fig.  4 ;  sections  26,  47,  62,  65,  70-71,  78,  81,  86,  87 ;  Southeast  Kentucky  coal  ll«ld« 
p.  28. 

J.  M.  Hodge  in  personal  communication. 
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Feet  Inches 

13.  Sbales  and  concealed  55  0 

14.  Ames  limestone 1  6 

15.  Variegated  shale 85  6 

la  Cambridge  ( ?)  limestone  1  0 

17.  Shales   14  0 

18.  Buffalo  sandstone 3  6 

19.  Shale  and  shaly  sandstone 30  0 

20.  Mahoning  sandstone  100  0 

21.  Shales   40  0 

to  the  Upper  Preeport — in  all,  561  feet.  The  Mahoning  deposit  con- 
tinues upward,  so  as  to  pass  the  place  of  the  Brush  Creek  coal  and  lime- 
stone. Nine  miles  south  from  Morgantown  the  Conemaugh  is  said  to  be 
587  feet  thick,  the  increased  thickness  being  above  the  Ames  limestone. 
The  Brush  Creek  coal  bed  is  at  99  feet  above  the  Upper  Preeport  and 
underlies  directly  the  massive  Buffalo  sandstone,  which  is  53  feet  thick. 
The  Barton  and  Anderson  coal  beds  and  the  Cowrun  sandstone  do  not 
appear  in  these  sections. 

Westward  from  the  Monongahela  one  is  dependent  wholly  upon  the 
records  of  oil  borings.  Possibly  because  these  are  very  numerous,  the 
variability  of  the  sandstone^  and  red  beds  is  much  more  marked  in  them 
than  in  the  less  numerous  measurements  of  exposures.  It  may  be  that 
some  of  the  variations  are  due  to  the  inaccuracy  of  measurements  by  the 
drillers.  In  any  event,  it  is  necessary  at  the  outset  to  state  that  while  it 
is  not  altogether  difficult  to  recognize  any  given  sandstone  horizon,  still 
the  correlation  is  never  wholly  exact,  since,  using  the  Pittsburg  coal  bed 
as  the  fixed  horizon,  one  finds  the  top  or  bottom  of  each  sandstone  shift- 
ing in  such  fashion  that  the  determination  can  not  be  in  close  detail. 
The  limestones,  so  important  in  tracing  the  sectton  by  exposures,  are 
very  thin  and  do  not  appear  in  the  records.  The  coal  beds  quickly  be- 
come indefinite  and  disappear,  .while  the  red  beds  are  distributed  with 
jsuch  irregularity  that  they  seem  to  mark  localities  of  lagoons. 

In  Monongalia  and  Marion  counties,  west  from  the  Monongahela  river, 
the  interval  from  Pittsburg  to  Upper  Preeport  varies  from  560  to  578 
feet.  In  the  former  county  at  10  miles  northwest  from  Morgantown  it 
is  570  and  in  the  latter  at  12  miles  southwest  it  is  578  feet.  The  Mor- 
gantown sandstone  is  well  defined  in  many  records  and  varies  in  thick- 
ness from  50  to  120  feet,  its  top  being  at  140  to  160  feet  below  the  Pitts- 
hurg;  yet  in  not  a  few  records  it  is  represented  only  by  shale.  The 
Cowrun  sandstone,  overlying  the  Cambridge  limestone,  does  not  appear 
in  the  Monongalia  wells  except  near  the  western  border,  but  it  is  recorded 
occasionally  in  the  Marion  wells  at  about  350  feet  below  the  Pittsburg. 
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The  Buffalo,  on  the  other  hand,  is  persistent  though  variable,  sometimes 
replacing  the  underlying  shales  and  encroaching  upon  the  place  of  the 
Upper  Mahoning.  Its  top  is  from  382  to  387  in  Monongalia,  380  to  407 
in  Marion,  the  bottom  being  from  395  to  430  in  the  former  and  from  406 
to  457  in  the  latter,  the  thickness  of  the  sandstone  varying  from  5  to  50' 
feet.  The  Mahoning  interval  is  more  variable  than  the  Buffalo. 
Typically  it  has  two  sandstone  plates,  upper  and  lower,  separated  by 
shales ;  the  lower  is  the  more  persistent,  the  upper  being  replaced  by  shale 
very  frequently ;  but  in  some  localities  the  whole  interval  is  occupied  by 
massive  sandstone.  Ordinarily  one  finds  between  the  sandstone  and  the 
Upper  Preeport  from  10  to  40  feet  of  shales,  but  occasionally  the  shale  is 
replaced  and  the  sandstone  rests  directly  on  the  coal  bed.  The  top  of 
the  Mahoning  sandstone  in  Monongalia  is  from  421  to  475  feet  below 
the  Pittsburg,  but  from  436  to  515  feet  in  Marion ;  the  bottom  in  Monon- 
galia is  from  515  to  521,  in  Marion  from  538  to  578  feet,  in  the  last  case 
extending  downward  to  the  Upper  Preeport. 

The  Anderson  coal  horizon  is  marked  by  a  coal  bed  at  375  feet,  re- 
ported in  a  Monongalia  well,  and  a  coal  at  275  in  a  Marion  well  is  very 
near  the  place  of  the  Harlem. 

The  red  beds  in  northern  Monongalia  are  iinmediately  under  the  Mor- 
gantown  sandstone,  245  or  265  feet  below  the  Pittsburg  coal,  to  330  or 
340  feet,  thus  including  the  "Big  Red"  of  Ohio  overlying  the  Ames  and 
the  Pittsburg  reds  underlying  that  limestone.  In*8outhern  Monongalia 
and  in  Marion  red  beds  occur  in  some  portion  of  this  interval  at  almost 
all  localities  and  occasionally  higher  beds  appear — in  one  well  at  86  to 
111  feet,  in  two  others  at  127  to  230  feet,  and  in  a  third  a  great  bed  is  at 
161  to  326,  replacing  the  Morgantown  sandstone.  The  lowest  bed  re- 
corded is  in  a  well  6n  the  Marion-Monongalia  border  341  to  381  feet 
below  the  Pittsburg.     This  is  wanting  in  other  records.* 

In  western  Marion,  on  the  border  of  .Wetzel  county,  there  appears  at 
one  locality  to  be  only  shale  for  603  feet  IkjIow  the  Pittsburg  to  the  Butler 
or  Upper  Preeport  sandstone,  or  possibly  the  (Lower)  Preeport  sand- 
stone. Crossing  over  into  Wetzel  county,  one  finds,  at  10  miles  south- 
west, the  only  sandstone  at  480  to  510  feet,  while  midway  between  the 
wells  this  sandstone  is  at  500  to  515  feet,  the  Lower  Mahoning.  Eight 
or  10  miles  northward  the  sandstones  are  at  406  to  446  and  470  to  548 
feet,  and  at  10  miles  northwest,  on  the  Marshall  border,  the  only  sand- 
stone is  at  509  to  569,  with  the  T^ower  Preeport  coal  bed  at  575,  the  place 
of  the  Upper  Preeport  in  eastern  Monongalia  and  Marion.     The  sand- 

*  I.  C.  White :  Geology  of  Went  Virginia.  Monongalia  county,  vol.  1,  pp.  234-236 ;  vol. 
la,  p.  134 ;  vol.  11,  pp.  230,  269 ;  Marlon  county,  vol.  1,  pp.  238,  240,  242,  245,  247,  348. 
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Stone  at  the  last  two  localities  includes  the  Butler  and  the  Lower  Mahon- 
ing. On  the  Marshall  border  a  well  shows  a  sandstone  37  feet  thick  be- 
ginning at  318  feet,  which  is  at  the  place  of  the  Cowrun. 

Six  red  beds  are  recorded  midway  in  Wetzel,  in  all  109  feet  thick.  A 
double  bed  begins  directly  under  the  Pittsburg  coal  and  three  others  are 
in  the  interval,  166  to  383  feet.  The  lowest  is  25  feet  thick,  beginning 
at  443  feet,  so  that  it  extends  into  the  Mahoning  interval. 

Passing  over  into  Tyler  county,  south  from  Wetzel  along  the  Ohio 
river,  one  finds  in  the  northern  part  of  the  county  the  first  sandstone  at 
490  to  515  feet  below  the  Pittsburg  coal  bed.  Three  miles  southwest  a 
double  sandstone  is  at  *440  to  480  and  the  first  coal  bed  is  at  704  feet, 
underlying  a  great  sandstone  extending  from  529  to  664  feet.  The  same 
condition  is  found  in  another  boring  3  miles  farther  west,  where  the  first 
sand  is  at  437  and  the  second  at  537,  while  near  the  Ohio  the  sands  are 
at  425  and  555  feet.  Three  miles  north  in  Ohio  the  sandstones  are  at 
430  to  480  and  535  to  685  feet. 

In  eastern  Wetzel  one  has  reached  the  area  of  decreasing  intervals. 
The  bottom  of  the  Mahoning  there  is  at  most  515  feet  below  the  Pitts- 
burg, as  also  in  northern  Tyler.  Westward  toward  the  Ohio  river  the 
thickness  of  the  Conemaugh  decreases  until  it  is  barely  500  feet.  The 
conditions  in  Monroe  county  of  Ohio  amply  confirm*  Doctor  White's 
correlation  of  the  Tyler  "Cowrun"  sandstone  with  the  Mahoning.  The 
coal  bed  at  704  feet1)elow  the  Pittsburg,  in  Tyler,  is  the  Brookville,  at 
the  bottom  of  the  Allegheny. 

In  this  region  and  in  Pleasants  county,  west  from  Tyler  along  the 
Ohio  river,  one  finds  the  condition  already  noted  in  description  of  the 
Allegheny,  the  prevalence  of  sandstone,  which  in  some  cases  is  continuous 
from  the  top  of  the  Mahoning  interval  to  the  Pottsville.  The  red  beds 
of  Tyler  and  Pleasants  can  not  be  traced  readily,  as  details  are  given  in 
very  few  records.  Two  beds  are  noted  in  Tyler,  52  and  6  feet  thick,  be- 
ginning at  148  and  294  feet,  in  all  58  feet  thick ;  but  in  Pleasants  there 
are  75  feet  within  the  interval  148  to  300,  the  mass  being  almost  con- 
tinuous from  80  to  195  feet  below  the  Pittsburg.  The  only  traces  of  coal 
in  Tyler  and  Pleasants  are  at  148  in  the  former  and  345  in  the  latter, 
marking  the  Little  Clarksburg  and  Anderson  horizons.* 

Returning  now  to  the  east,  the  section  may  be  traced  westward 
through  the  next  tier  of  counties — Taylor,  Harrison,  Doddridge,  Ritchie, 
Wirt,  and  Wood — to  the  Ohio  river  opposite  Washington  county  of  Ohio. 

•  I.  C.  White :  Geology  of  West  Virginia,  Wetzel,  vol.  i,  pp.  339,  340-341.  843,  348 ; 
vol.   i«,  pp.   176-177.   200-203. 

Tjrler:  Vol.  la,  pp.  241-242.  255-256,  268,  266-267. 
PlttMnts:  Vol.    \a,   pp.    269.    273.    274.    286. 
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At  Grafton,  in  Taylor  county,  20  miles  south  from  Morgantown  and 
in  continuation  of  the  Pennsylvania  Second  bituminous  basin,  the  Araes 
limestone,  Harlem  coal  bed,  and  the  Pittsburg  reds  are  well  shown,  the 
last  being  30  feet  thick.  A  massive  pebbly  sandstone  is  at  25  feet  above 
the  Ames,  and  another,  at  190  feet  below  that  limestone,  rests  on  dark 
plant-bearing  shales  with  a  thin  coal  at  the  bottom,  the  coal  being  nt 
250  feet.  Two  miles  south,  at  Webster,  the  Ames  is  at  308  feet  below 
the  Pittsburg,  and  a  thin  coal  bed  is  at  195  feet  below  the  limestone, 
underlying  calcareous  and  black  shale.  This  is  120  feet  above  the  bed 
identified  on  a  previous  page  as  the  Lower  Freeport,  and  the  Mahoning 
interval  is  filled  mostly  by  shale.  The  thin  cod  at  Grafton  appears  to 
be  at  the  Upper  Freeport  horizon  and  that  at  Webster  is  the  Brush  Creek.* 

Harrison  county,  west  from  Taylor,  is  soutli  from  Marion.  I^ear 
Clarksburg,  15  miles  west  from  Grafton,  the  interval  from  Pittsburg  to 
Upper  Freeport  is  540  feet,  35  feet  less  than  at  the  nearest  well  recorded 
in  Marion  county.  The  first  sandstone  is  at  365,  35  feet  thick,  and  the 
Mahoning  interval  is  marked  by  a  continuous  sandstone  from  421  to  505 
feet  below  the  Pittsburg  and  resting  on  35  feet  of  shale.  This  sandstone, 
in  its  upper  part,  reaches  beyond  the  place  of  the  Brush  Creek  coal  bed 
and  encroaches  on  the  Buffalo  inteiTal,  the  higher  sandstone  reaching 
into  the  Cowrun.  Two  records  are  available  in  northern  Harrison  near 
the  Marion  line,  where  the  Cowrun  sandstone  is  persistent,  its  top  being 
at  352  and  362 ;  but  in  the  latter  case  it  is  continuous  with  the  Buffalo 
and  downward  into  the  Upper  Mahoning  at  457  feet.  In  both  records 
the  Upper  Mahoning  is  almost  wholly  shale,  and  the  Lower  Mahoning 
sandstone,  beginning  at  492  and  512,  extends  downward  into  the  Alle- 
gheny, its  bottom  being  at  592  and  602  feet  below  the  Pittsburg.  The 
red  beds  are  in  characteristic  contrast,  for,  though  the  wells  are  but  2 
miles  apart,  the  great  bed  of  100  feet  seen  in  one  at  102  feet  below  the 
Pittsburg  is  wholly  wanting  in  the  other,  where  one  finds  only  a  40-foot 
bed  beginning  at  232  feet,  which  is  represented  in  the  former  by  15  feet, 
beginning  at  262  feet.  This  last  is  at  the  horizon  of  the  "Big  Red*'  of 
oil  records  in  Washington  county,  Ohio.  At  West  Milford,  10  miles 
south  from  Clarksburg,  the  first  trace  of  coal  is  at  600  feet  below  the 
Pittsburg,  probably  at  the  Lower  Freeport  horizon  in  the  Allegheny. 
Some  red  rock  is  at  95  feet  and  a  50-foot  bed  begins  at  375  feet.  At 
Cherry  Camp,  10  miles  west  from  Clarksburg,  the  only  sandstone  is  30 
feet  thick,  beginning  at  343  feet  below  the  Pittsburg ;  all  else  is  shale  to  a 
sandstone  in  the  Allegheny  at  642  feet.     The  higher  sandstone  is,  at  least 


tl.  C.   White:  Vol.  II,  pp.   232,  298. 
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in  part,  at  the  Cownin  horizon.  The  red  beds  are  thick,  43  and  50  feet 
at  119  and  208  feet  respectively,  the  latter  above  the  place  of  the  Ames 
limestone  and  equivalent  to  the  Ohio  "Big  Red/*  The  Pittsburg  re^s 
do  not  appear  in  the  Harrison  County  records.* 

Doddridge  county  is  west  from  Harrison  and  south  from  Tyler.  Near 
Long  run,  6  miles  west  from  Cherry  Camp,  a  thin  sandstone  is  at  the 
Aforgantown  horizon,  but  the  Cowrun  interval  is  filled  with  shale,  while 
there  is  sandstone,  406  to  452,  within  the  Buffalo ;  the  Upper  Mahoning 
is  shale,  the  Lower  Mahoning  is  sandstone  in  part,  extending  into  the 
Allegheny  at  689  feet,  and  the  only  red  bed  is  one  of  97  feet,  resting  on 
the  Buffalo,  which  is  in  part  the  Pittsburg  red.  In  northern  Doddridge, 
near  Center,  several  wells  show  a  30-foot  sandstone  just  below  the  Con- 
nellsville  horizon,  but  no  other.  The  red  beds  vary ;  in  three  wells  within 
a  small  area  one  finds  them  at 

218  to  242 156  to  163 76  to  110 

267  to  340 293  to  320 290  to  640 

feet  below  the  Pittsburg  coal  bed,  while  farther  west,  near  the  Tyler 
border,  the  whole  red  is  in  two  beds,  15  and  30  feet,  beginning  at  235  and 
411  feet  respectively,  only  35  feet  in  all,  contrasting  with  one  of  the 
Center  wells,  in  which  the  red  is  continuous  from  the  Pittsburg  reds 
into  the  Allegheny.  At  this  western  locality  the  Morgantown,  Buffalo, 
and  Mahoning  intervals  contain  only  11,  25,  and  20  feet  of  sandstone. 
In  southeastern  Doddridge,  on  the  Harrison-Lewis  border,  one  record 
shows  sandstone  in  the  Upper  Mahoning  at  440  to  480,  but  for  the  most 
part  that  interval  holds  only  shale ;  sandstone  is  in  the  Lower  Mahoning 
35  feet  thick,  f 

Ritchie  county,  west  from  Doddridge,  is  south  from  Tyler  and  Pleas- 
ants. The  Pittsburg  coal  bed  is  of  uncertain  occurrence,  but  in  areas 
where  it  is  present  the  interval  to  the  "Big  Lime"  of  the  Lower  Carbon- 
iferous varies  within  suflRciently  narrow  limits  to  justify  use  of  the  lower 
horizon  in  tracing  the  section.  Midway  in  the  county,  near  Harrisville, 
as  well  as  in  the  Whiskey  Kun  district,  10  miles  northeast,  no  persistent 
sandstone  appears  in  the  Conemaugh.  At  Harrisville  a  thick  sandstone 
overlies  the  place  of  the  Pittsburg  coal,  but  no  other  sandstone  is  recorded 
nntil  the  Allegheny  is  reached.  In  Whiskey  Run  area  one  well  shows 
two  thin  streaks  of  sandstone  in  the  Conemaugh;  the  others  none.  At 
Cairo,  3  miles  west  from  Harrisville,  sandstone  is  seen  in  one  well  con- 
tinuing from  409  to  487,  in  another  from  443  to  483,  and  in  the  latter 


•  I.  C.  White :  Vol.  1,  pp.  248.  250 ;  vol.  la,  pp.  817-818,  326. 

f  I.  C.  White :  Vol.  1,  pp.  321,  325,  328,  329,  331-332 ;  vol.  la,  pp.  282-284,  293,  295. 
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it  restg  on  Black  slate  at  the  Upper  Freeport  horizon.  In  western  Ritchie 
the  sandstones  are  very  uncertain,  some  w6Hs  showing  only  shales  above 
the  Buffalo-Mahoning,  while  others  show  occasional  streaks,  and  in  one 
well  a  sandstone  55  foet  thick  1)egins  at  305  feet  l)elow  the  Pitteburg, 
representing  in  great  part  the  Cowrun  horizon.  ITie  red  beds  are  as 
irregular  as  the  sandstones.  At  Harrisville  the  first  red  is  at  85  feet, 
and  thence  to  470  feet  are  three  IxmIs,  20,  170,  and  165  feet — in  all,  355 
feet.  In  a  well  on  Whiskey  run  the  first  red  underlies  the  Pittsburg  coal 
and  is  40  feet  thick;  the  second,  representing  the  '*Big  Red"  and  Pitts- 
burg reds,  begins  at  19T  feet  and  is  150  feet  thick,  while  a  third,  30  feet 
thick,  begins  at  430  feet ;  but  in  a  neighlwring  well  the  great  middle  mass 
is  altogether  wanting.  The  same  contrast  appears  at  Cairo,  where  thick 
beds  in  one  well  are  wholly  unrepresented  in  another  l>arely  half  a  mile 
distant.  Coal  beds  are  reported  at  various  localities  as  <KTurring  at  six 
horizons  below  the  Pittsburg  coal  IxhI.  The  last  two  are  in  the  Alle- 
gheny: It  would  not  be  ditfieult  to  make  correlations  for  the  others,  but 
except  in  the  numbers,  there  would  be  no  justification  for  such  correla- 
tion. Xo  coal  beds  are  recorded  in  the  Conemaugh  of  Doddridge;  the 
records  of  Wetzel,  Tyler,  and  Pleasants  are  almost  equally  barren,  and 
the  references  to  coal  in  the  Ritchie  records  are  uncertain,  a  great  num- 
ber noting  no  coal.  If  these  coals  be  coal  and  not  black  slate,  they  can 
be  only  accumulations  of  drifted  material  at  best  and  probably  they  l)ear 
no  relation  to  the  coal  beds  near  whose  horizons  they  occur.* 

Wirt  county  is  west  and  southwest  of  Ritchie.  On  the  eastern  border 
the  Pittsburg  coal  bed  is  1,260  to  1,278  feet  above  the  "Big  Lime,"  and 
the  first  sandstone,  15  fec»t,  is  at  408  to  423  feet;  the  second,  60  fwt, 
begins  at  553  feet  below  the  Pittsburg.  7'hree  wells  at  Burning  Springs, 
a  few  miles  farther  west,  show  a  sandstone,  34  to  77  feet  thick,  whose 
top  is  at  686  to  688  feet  above  the  "Big  Lime,"  while  the  top  of  the  thick 
sandstone  beginning  at  553  below  the  Pittsburg  on  the  eastern  border  is 
at  725  above  the  "Big  Lime."  If  260  feet  be  taken  as  the  interval  from 
Pittsburg  coal  to  Ames  limestone,  the  sandstone  near  Burning  Springs 
is  529  feet  below  the  Pittsburg,  for  the  Ames  limestone  is  at  the  surface. 
There  the  sandstone  is  99  feet  below  a  15-foot  sandstone,  while  on  the 
eastern  border  it  is  130  feet  lx?low  the  same  sandstone.  The  interval  be- 
tween Pittsburg  and  Ames  is  235  feet  at  Cowrun,  30  miles  north  in  Ohio, 
and  the  intervals  increase  in  this  direction.  The  upper  sandstone  is 
toward  the  top  of  the  Upper  Mahoning  and  the  thick  lower  sandstone,  per- 
sistent in  much  of  the  county,  belongs  within  the  Allegheny.  The  Har- 
lem coal  l)ed  is  shown  near  Burning  Springs,  where  it  underlies  the  Ames 


•I.  C.  White:  Vol.  I,  pp.  302-306.  313.   317. 
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limestone  and  "large  unbroken  shells  of  AUorisma,  Myalina.  and  other 
forms  are  frequently  found  embedded  in  the  upper  part  of  the  coal  itself, 
though  still  in  contact  with  the  overlying  limestone."  The  Morgantown 
sandstone  forms  bluffs  along  the  Little  Kanawha  river  at  40  to  50  feet 
above  the  Ames.  On  the  west  side  of  the  county  the  Mahoning  interval 
contains  a  sandstone  at  422  to  482  feet  below  the  Pittsburg,  present  in 
wells  near  the  junction  of  Wirt,  Wood,  and  Jackson  counties.  The  de- 
tailed records  in  Wirt  county  begin,  for  the  most  part,  below  the  usual 
horizons  of  red  beds,  but  one  near  Burning  Springs  shows  the  Pittsburg 
reds.* 

Wood  county,  west  of  Wirt  and  Ritchie,  adjoins  Washington  and  Meig^i 
counties  of  Ohio.  The  Conemaugh  is  buried  deeply,  the  Pittsburg  cod 
can  not  be  identified  with  certainty  in  most  of  the  county,  the  Pottsville 
varies  greatly  in  thickness,  and  the  "Big  Lime"  is  absent  in  the  western 
portions. 

In  western  Wiri;  the  interval  from  Pittsburg  coal  to  ^'Big  Lime"  is 
about  1,260  feet,  but  under  the  Cowrun  anticline  of  Washington  county, 
Ohio,  that  interval  varies  from  1,107  to  1,181  feet^  and  where  the  Pitts- 
burg coal  bed  reappears  farther  south  the  measurement  is  about  1,120 
feet. 

In  the  northern  part  of  Wood  county,  about  2  miles  south  from  Mari- 
etta, one  finds  the  "Big  Red"  100  feet  thick  and  118  feet  above  what 
seems  to  be  the  Cowrun  sandstone,  22  feet  thick,  130  feet  above  a 
micaceous  sandstone,  76  feet  thick  and  very  like  that  at  4  miles  west  in 
Ohio.  The  Mahoning  inten^al  holds  only  shale.  Midway  in  the  county 
one  finds  the  "Big  Lime"  at  1,220  feet  below  the  top  of  a  sandstone  very 
like  that  which  farther  south  either  overlies  the  Pittsburg  directly  or  is 
separated  from  it  by  a  score  of  feet.  This  rests  on  a  great  mass  of  red 
shale,  175  feet  thick,  broken  in  one  well  by  40  feet  of  shale.  This  red 
bed,  associated  with  the  Pittsburg,  has  been  mentioned  as  occurring  in 
central  Wetzel  and  in  central  Ritchie.  Here  it  extends  upward  into  the 
Monongahela  formation.  A  second  bed,  30  feet  thick,  begins  at  220  feet 
in  one  well,  210  in  another,  and  a  third,  72  feet  in  one,  105  in  the  other, 
ends  at  412  and  415  feet  below  the  assumed  place  of  the  Pittsl)urg.  In 
the  former  well  sandstone,  extending  from  412  to  465  and  resting  on  25 
feet  of  red  rock,  underlies  the  red  bed,  but  in  the  other  this  space  is  filled 
by  shale,  and  a  double  sandstone  is  at  465  to  510  resting  on  30  feet  of  red 
rock.  It  may  be  that  these  sandstones  are  the  same,  the  smaller  interval 
due  to  disappearance  of  the  shales  in  the  western  well.  The  lowest  rod 
Ls  unquestionably  in  the  Allegheny. 

•  I.  C.  Wblte :  Vol.  la,  pp/  403,  465.  467-408 ;  vol.  II,  p.  261.  ^ 

XVII— Bull.  Geol.  Soc.  Am.,  Vol.  17.  1905 
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Five  miles  southwest  from  the  last  well  is  Parkersbiirg,  where  neither 
Pittsburg  coal  bed  nor  "Big  Lime"  is  present;  but  the  relations  may  ho 
determined  approximately  as  at  ^larietta,  10  miles  north  in  Ohio.  A 
sandstone  is  here,  31  feet  thick  and  resting  on  "red,  blue,  and  gray  shales," 
416  feet,  succeeded  by  70  feet  of  gray  shales,  in  all  485  feet,  to  a  great 
sandstone,  105  feet  thick,  and  at  760  feet  is  a  coal  bed.  This  bed  is  208 
feet  above  the  Salt  Sand  and  843  feet  above  the  Berea,  while  at  Marietta 
the  intervals  are  225  and  830  feet.  At  Parkersburg  it  is  275  feet  below 
the  top  of  the  105  feet  sandstone;  at  Marietta  it  is  280  feet  below  the 
top  of  the  sandstone,  there  taken  to  be  the  lower  part  of  the  Mahoning, 
which  at  Parkersburg  is  continuous  with  the  sandstone  below,  though  at 
^Marietta  separated  from  it  by  15  feet  of  shale.  Evidently  the  section 
shows  no  material  change  and  the  Conemaugh  is  about  480  feet  thick. 
The  most  notable  feature  is  the  great  increase  of  reds,  the  upper  one 
extending,  as  at  Marietta,  into  the  Monongahela,  while  other  beds  of  con- 
siderable thickness  are  in  the  Allegheny.* 

Returning  to  the  eastern  outcrop  in  Barbour  and  Upshur  counties,  the 
section  may  be  followed  westward  across  Lewis  and  Braxton,  Gilmer,  Cal- 
houn, and  Roane,  Jackson  and  Mason  to  the  Ohio  river. 

In  northern  Barbour  a  record  about  10  miles  southward  from  Webster, 
in  Taylor  county,  shows  607  feet  from  the  Pittsburg  to  the  Lower  Free- 
port.  Two  coal  beds  are  present  at  274  and  331  feet  below  the  Pitts- 
burg ;  the  upper  one,  resting  on  a  thin  limestone,  has  been  correlated  w^ith 
the  Elk  Lick ;  the  lower  bed,  270  feet  above  the  Lower  Freeport,  underlies 
red  shales  containing  the  Ames  limestone,  so  that  it  is  at  the  Harlem 
horizon.  There  is  little  sandstone  in  the  Conemaugh,  and  the  red  rock, 
in  all,  can  hardly  exceed  35  feet  and  is  distributed  in  several  layers  within 
the  lower  part  of  the  formation;  but  near  Philippi,  in  this  county,  the 
Mahoning  interval  contains  a  massive  sandstone.  Ten  or  12  miles  south- 
west, in  northern  Upshur,  a  record  shows  a  coal  bed,  possibly  the  Harlem 
horizon,  about  285  feet  below  the  Pittsburg  and  255  feet  above  what  may 
be  the  Upper  Freeport.  This  record  begins  at  about  100  feet.  In  396 
feet  it  shows  only  65  feet  of  sandstone  and  46  feet  of  red  rock,  three  Ixids 
of  each.  At  a  few  miles  south  from  Buckhannon,  in  this  county,  a  coal 
bed  is  shown  in  the  river  hill  at  110  feet  above  the  Upper  Freeport,  un- 
derlying 30  feet  of  massive  sandstone  on  which  rest  red  shales — very  like 
the  Brush  Creek  coal  bed  and  Buffalo  sandstone. 

On  the  Lewis  County  border  a  record  beginning  at  220  feet  below  the 
Pittsburg  shows  125  feet  of  red  rock  at  245  feet  below  that  coal,  suc- 
ceeded by  shales  which  continue  into  the  Allegheny.     The  mass  of  vah 

•  I.  C.   White :  Vol.  1,  pp.  285,  291,  296-297. 
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marks  the  double  horizon  nbove  and  below  the  Ames  limestone.  Twelve 
iniles  farther  south,  near  Ireland,  in  Ijewis  county,  coal  beds  arc  at  240, 
372,  and  429  feet  below  the  Pittsburg.  Doctor  White  sees  in  the  upper 
beds  the  Elk  Lick  and  the  Barton.  It  is  worth  noting  that  these  beds 
are  4  feet  6  inches  and  2  feet  4  inches  thick,  and  that  they  yield  good 
coal.  Eastward  the  Conemaugh  coals  are  insignificant.  On  the  west 
side  of  Lewis  county  the  Vadis  record  shows  that  the  Morgantown  sand- 
stone, 80  feet  thick  and  beginning  at  226  feet,  continues  to  beyond  the 
Harlem  horizon.  Sandstone  in  the  Mahoning  interval  is  39  feet  thick 
and  ends  at  490  feet.     No  coal  is  recorded  and  the  red  beds  are 

125  feet  beginning  at  101  feet  below  the  Pittsburg; 
38  feet  beginning  at  362  feet  below  the  Pittsburg; 

but  the  great  bed  seen  in  eastern  Lewis  is  not  here. 

The  records  in  northern  Braxton  count}*^  are  somewhat  indefinite,  as 
the  distance  from  the  Pittsburg  to  well  curbs  is  not  given  exactly.  A 
record  said  to  begin  about  350  feet  below  the  Pittsburg  shows  two  red 
beds,  10  and  30  feet  at  71  and  91  feet  from  the  surface,  and  a  third,  not 
measured,  is  at  145  feet;  thence  for  365  feet  the  record  is  "slate,  red 
rock,  and  shells''  for  365  feet.  Other  records  in  this  area  show  a  similar 
condition,  so  that  the  great  sandstone  of  the  lower  Conemaugh,  so  con- 
spicuous in  eastern  Braxton,  is  here  replaced  by  shale.* 

In  Gilmer  county  one  finds  near  Stouts  mills,  only  a  little  way  west 
from  the  Braxton  line  and  12  miles  west  from  Ireland,  in  Lewis  county, 
the  Morgantown  sandstone,  85  feet  thick  and  ending  at  274  feet  below 
the  Pittsburg.  A  coal  bed  is  here  at  325  feet,  but  its  relations  are  ob- 
scure. The  red  beds  are  numerous  and  are  distributed  through  the  sec- 
tion; the  highest  begins  at  99  and  the  lowest  at  529  feet  below  the  Pitts- 
burg; three  thin  beds  are  in  the  interval  of  the  highest  bed  at  Vadis;  a 
fourth  bed  answers  to  the  lower  one  at  Vadis,  but  the  reds  associated 
with  the  Ames  limestone  are  wanting.  There  is  little  sandstone  below 
the  Morgantown.  Fifteen  or  16  miles  southwest,  near  Rosedale,  on  the 
Braxton  border,  are  the  records  of  a  number  of  wells,  all  beginning  at 
100  to  150  feet  below  the  Pittsburg  coal  bed.  Taking  the  latter  as  the 
interval,  the  first  sandstone,  126  feet  thick,  begins  at  184  feet  and  rests 
on  102  feet  of  red  rock,  which  is  separated  by  38  feet  of  sandstone  from 
100  feet  of  '^slate  and  red  rock."  The  first  looks  very  like  the  Morgan- 
town  sandstone  and  its  underlying  reds.  In  these  wells  sandstone  is  in- 
significant in  the  lower  Conemaugh  as  well  as  in  the  Allegheny,  yet  at 
barely  10  miles  southeast  the  shales  are  replaced  very  largely  by  sand- 

*  Geology  of  West  Virginia:  Barbour,  vol.  11,. p.  238;  Upshur,  vol.  la,  p.  349;  Lewis, 
vol.  1.  pp.  255,  267 ;  vol.  11.  p.  239 ;  Braxton,  vol.  11,  pp.  891-892,  463. 
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stone.  The  boring  at  Glenville,  8  miles  northwest  from  Stouts  mills, 
begins  at  the  Morgantown  horizon,  but  that  sandstone  is  replaced  and  the 
record  shows  red  beds  extending  from  192  down  to  340  feet  below  the 
Pittsburg.  Sandstone  is  unimportant,  even  that  in  the  Mahoning  in- 
terval being  only  39  feet,  ending  at  534  feet  below  the  Pittsburg.  A 
coal  bed  at  444  feet  may  be  the  Brush  Creek  horizon.  The  Tanner  well, 
in  western  Gilmer,  shows  that  the  sandstones  are  wholly  insignificant, 
but  the  red  beds  are  more  than  200  feet  thick;  a  similar  condition  is 
shown  by  records  in  southwestern  Gilmer  near  the  Calhoun  border. 

The  records  in  Calhoun  are  a  little  obscure  and  determinate  boundaries 
between  the  formations  can  hardly  be  set.  The  sandstones  are  variable, 
one  record  showing  83  feet  in  three  l)eds,  while  another  shows  152  feet  in 
four  beds.  The  red  beds  are  important,  but  they  are  differentiated  in 
only  one  record  which  shows 

111  feet,  beginning  at    53  feet  below  the  Pittsburg; 
20      *'  **  **    16d      '*  "         **  ** 

^•t       44  «  <«    014      **         **         **  *< 

•tQ         ««  «•  •»      33S         •»  M  ««  u 

122      "  **  **    403      '*         *'  "  *' 

the  place  of  the  Pittsburg  bed  being  assumed,  as  the  bed  is  absent :  the 
reds  make  up  at  least  three-fifths  of  the  Conemaugh  section.  A  coal  bed 
appears  in  one  record  at  113  feet  below  the  assumed  place  of  the  Pitts- 
burg. 

In  Koane  county,  west  from  Calhoun,  the  Spencer  record  shows  only 
40  feet  of  sandstone  in  the  Conemaugh,  and  the  first  great  sandstone  is  at 
495  feet,  most  probably  wholly  in  the  Allegheny.  A  great  red  bed,  140 
feet  thick,  begins  at  153  feet  below  the  place  of  the  Pittsburg,  which  is 
represented  in  another  well  by  80  feet,  beginning  at  112  feet;  lower  Ixjds 
are  reported  here  and  there  in  records,  but  they  have  no  relation  to  ea*.  h 
other.  In  a  record  obtained  10  miles  southwest  from  Spencer  the  only 
red  is  a  bed  35  feet  thick,  Ixjginning  at  55  feet  below  the  place  of  the 
Pittsburg.  Throughout  the  north  and  west  parts  of  the  county  the  sand- 
stones are  insignificant  and  coal  is  altogether  absent. 

Jackson  county,  west  from  Roan(%  is  south  from  Wood  along  the  Ohio 
river.  The  records  are  difficult  to  interpret,  but  less  so  for  the  Cor*^ 
niaugh  than  for  the  Allegheny.  A  record  in  the  southern  part  of  tbt» 
county  shows  no  sandstone  in  the  upper  part  of  the  Conemaugh,  but  red 
beds  are  distributed  throughout  the  formation.  At  Ravenswood,  on  the 
Ohio,  17  miles  east  from  Pomeroy,  Ohio,  a  coal  bed,  evidently  the  Pitts- 
burg, is  at  1,364  feet  above  tlie  Logan  sandstone.  At  Letart,  10  milo< 
farther  west,  the  Pittsburg  is  1,354  feet  above  that  sandstone.     In  con- 
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trast  with  Boane  and  eastern  Jackson,  sandstones  are  present,  there 
being  three  beds,  44,  38,  and  30  feet  thick,  beginning  at  64,  316,  and  364 
feet  below  the  Pittsburg ;  on  the  other  hand,  the  reds  have  diminished  to 
56  feet  in  three  beds,  all  above  the  middle  of  the  formation. 

At  Ijetart,  in  ^Nfason  county,  10  miles  west  from  Ravens  wood  and  10 
miles  southeast  from  Pomeroy,  there  is  no  sandstone  in  the  upper  part 
of  the  Conemaugh,  the  only  beds  being  12,  18,  and  50  feet  respectively, 
beginning  at  350,  382,  and  416  feet  below  the  Pittsburg,  the  last  being 
in  the  Mahoning  interval.  The  reds  again  become  important  in  the 
upper  half  of  the  formation,  there  being  a  mass,  191  feet  thick,  which 
begins  at  85  feet  below  the  Pittsburg  and  includes  the  "Big  Bed"  of 
Washington  county,  Ohio. 

Returning  now  to  the  east :  In  Webster,  Nicholas,  eastern  Braxton,  and 
in  Clay  counties  a  bold  sandstone  overlies  the  Upper  Freeport.  In  north- 
ern Webster  the  section  extends  180  feet  above  the  Upper  Freeport,  and 
deep  red  shale  is  shown  in  the  uppermost  40  feet,  but  in  the  rest  of  the 
section  the  prominent  feature  is  massive  sandstone.  At  Powell  moun- 
tain, in  Nicholas,  a  massive  pebbly  sandstone  is  apparently  continuous 
up  to  180  feet  above  the  Upper  Freeport.  Bold  sandstone  bluffs  are  on 
Elk  river  below  Sutton,  in  Braxton  county,  and  at  Clay  Courthouse  the 
succession  is : 

Feet 

1.  Ck>noealed  and  much  deep  red  shale 00 

2.  Coar^  gray  pebbly  sandstone 60 

(S.  Ck>noealed  and  shales,  some  pale  red 100 

4.  Massive  sandstone,  large  quartz  pebbles 60 

5.  Concealed  and  sandy  shale 130 

to  the  Upper  Freeport  coal  bed.  The  sandstones  are  all  pebbly  and  the 
lowest  reds  are  about  200  feet  above  the  Upper  Freeport.  In  Webster 
the  lowest  reds  arc  at  140,  so  that  disphicement  of  shale  by  sandstone 
reaches  at  Clay  as  far  up  as  at  Powell  mountain,  more  than  15  miles  east- 
ward ;  but  the  record  suggests  that  the  sandstone  is  not  continuously 
coarse  as  at  Powell,  rather  that  it  is  broken  by  sandy  shale.  Twelve 
miles  below  Clay  Courthouse  the  top  of  "a  great  massive  sandstone"  is 
at  430  feet  above  the  Brookvillc  succeeded  by  red  beds,  evidently  the 
same  with  Number  4  of  the  Clay  section.  A  well  record  on  the  Roane 
County  border  9  or  10  miles  northwest  from  Clay  shows  red  beds  60  feet, 
resting  on  an  apparently  almost  continuous  sandstone  330  feet  thick,  hut 
not  reported  as  containing'  pebbles. 

•  G«olog7  of  West  Virginia  :  Gilmer,  vol.  1.  p.  260 ;  vol.  la,  pp.  384-386 ;  vol.  11,  pp. 
243,  388 ;  Calboun,  vol.  la,  p.  395 ;  rol.  U,  p.  396 ;  Roane,  vol.  1,  p.  264  ;  vol.  11,  p.  369 ; 
Jackson,  vol.  i,  pp.  283-284 ;  vol.  lo,  pp.  477-478 ;  Mason,  vol.  1,  pp.  281-282. 
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Along  the  Kanawha  river  the  Conemaugh  comes  into  the  section  at 
2  or  3  miles  below  the  line  of  Payette  county.  Near  lock  number  3 
155  feet  of  sandstone  are  above  the  Upper  Freeport,  and  down  the  river 
coarse  or  pebbly  sandstone  appears  above  that  bed  wherever  the  horizon 
is  reached,  but  becoming  less  coarse  toward  Charleston.  A  small  area 
of  what  seems  to  be  the  Pittsburg  coal  bed  exists  below  Charleston,  and 
thence  to  the  Tipper  Freeport  the  distance  according  to  Doctor  White's 
measurements  is  643  feet.  There  is  much  massive  sandstone  up  to  175 
feet  above  the  Upper  Freeport,  one  section  showing  75  feet  of  pebbly  rock 
just  above  that  bed  and  another  showing  25  feet  of  similar  rock  ending 
at  175  feet.  This  condition  continues  for  several  miles,  as  a  record  at  lock 
number  6  shows  continuous  sandstone  for  405  feet  above  the  BrookvilU*- 
Stockton  coal  bed  or  to  at  least  200  feet  above  the  place  of  the  Upper 
Freeport.  At  Charleston  the  upper  portion  of  the  Conemaugh  has  about 
120  feet  of  sandstone,  much  of  it  massive.  There  is  much  red  shale,  one 
bed  about  midway  being  50  feet  thick.  This  contains  the  "Two-mile" 
limestone,  yielding  fresh-water  crustaceans.  Two  other  thin  limestones, 
non-fossiliferous,  are  here,  but  their  relations  are  uncertain.  Doctor 
White  suggests  that  the  "Two-mile"  limestone  may  be  at  the  Ames 
horizon.  Two  thin  beds  of  impure  coal  appear  in  this  section,  but  it  is 
diflScult  to  correlate  them. 

Mr  Campbell  gives  the  record  of  a  boring  at  Winfield,  in  Putnam 
county,  about  20  miles  northwest  from  Charleston.  The  Conemaugh 
has  five  sandstone  beds  in  the  lower  300  feet,  in  all  105  feet  thick.  The 
Mahoning  interval  has  a  double  sandstone,  10  and  35  feet,  with  25  feet 
of  shale  intervening.  The  conditions  characterizing  the  lower  Cone- 
maugh along  the  eastern  outcrop  have  practically  disappeared  and  the 
sandstone  has  been  replaced  largely  by  shale,  while  the  sandstone  which 
does  occur  seems  to  be  without  pebbles.  Eed  shale  is  unimportant  here, 
there  being  only  three  beds,  45  feet  in  all,  and  those  are  in  the  middle 
third  of  the  formation. 

The  area  of  the  Eaymond  City  coal  bed,  taken  usually  to  be  equivalent 
to  the  Pittsburg,  is  very  small  and  the  coal  thins  away  in  all  directions. 
Mr  Campbell  in  working  out  the  Himtingdon  and  Charleston  quadrangles 
evidently  hesitated  to  accept  the  reference  of  tlie  coal  bed  to  the  Pitt^^- 
burg,  and  in  view  of  its  circumscribed  area  was  unwilling  to  take  it  as 
the  plane  of  division  between  formations.  Finding  no  other  reason  for 
separating  the  green  and  red  shales  and  sandstones  under  the  place  of  that 
coal  from  the  similar  rocks  above  it,  he  grouped  the  whole  series  above 
the  Charleston  formation  into  the  Braxton  formation.  That  formation 
in  Putnam  county  and  westward,  where  the  upper  part  of  the  Charleston 
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sandstone  has  been  replaced  by  shale,  is  equivalent  to  the  Coneraaugh 
and  Monongahela  formations  and  in  some  places  may  include  a  portion 
of  the  Ihmkard. 

Westward  from  the  Kanawha  river  to  the  Ohio  and  in  Putnam  and 
Cabell  counties  the  surface  formation  for  the  most  part  is  evidently  Cone- 
maugh,  but  no  details  are  available  at  present  for  closer  description. 
There  are  many  records  of  oil  borings  in  Cabell,  but  in  the  absence  of 
surface  measurements  they  can  not  be  connected  up  with  the  eastern 
localities.  At  Central  City,  on  the  Ohio,  the  Pittsburg  coal  bed  is  340 
feet  above  the  river,  but  exposures  are  rare.  The  Ames  limestone  with 
all  its  characteristic  features  is  present  near  Huntingdon  and  the  Cam- 
bridge limestone  is  seen  below  Central  City.* 

Beyond  the  Kanawha,  in  southwestern  West  Virginia,  one  finds  the  full 
section  of  the  Conemaugh  only  in  Putnam  county  near  Raymond,  but  the 
lower  beds  extend  southward  into  northern  Raleigh  and  apparently  even 
into  southern  Mingo,  so  that  they  should  be  found  in  Pike  county  of 
Kentucky ;  but  there  are  few  details  given  in  any  of  the  reports. 

Mr  Campbell  finds  two  coal  horizons  in  Putnam  county,  one  at  50  feet 
alK)ve  the  top  of  the  Charleston  sandstone  and  the  other  300  to  400  feet 
higher.  At  Griffithsville,  in  eastern  Lincoln,  a  coal  is  mined  which  he 
refers  to  the  lower  horizon.  Mr  d'lnvilliers  measured  on  Cobbs  creek 
in  this  portion  of  Lincoln : 

Feet 

1.  Shalee,  sandstones  and  some  red  beds 150 

2.  Massive  sandstone 25 

3.  Ck>ucealed,  sandstone  and'  red  shale 150 

4.  Shales  and  stiff  clay  slates 75 

5.  Coal  bed 6 

This  seems  to  be  Conemaugh  above  the  coal  bed,  which  has  been  taken  to 
be  the  Upper  Preeport.  Mr  d'Invilliers's  section  in  northern  Raleigh 
has  been  given;  it  seems  to  show  that  a  considerable  part  of  the  Cone- 
maugh remains  even  there. 

Doctor  White  finds  the  Ames  limestone  in  the  northwestern  part  of 
Wayne  county,  and  at  3  miles  from  the  mouth  of  Twelve-pole  creek  what 
appears  to  be  the  double  Cambridge  limestone  is  shown  overlying  the 
Kentucky  Coal  bed  10,  which  is  only  a  few  feet  above  the  Buffalo  sand- 
stone. This  limestone  is  shown  frequently  along  the  Big  Sandy  river 
from  the  mouth  southward  to  Big  Blaine  creek,  in  Lawrence  of  Ken- 

*  Geology  of  West  Virginia :  Webster,  vol.  ii,  p.  453  ;  Nicholas,  vol.  il,  p.  459 ;  Clay, 
rol.  la,  p.  472;  vol.  il,  p.  280;  Kanawha,  vol.  11,  pp.  240,  400,  502-503,  518,  522; 
Putnam,  vol.  II,  p.  401 ;  Cabell,  vol.  ia,  p.  405. 

M.  B.  Campbell :  U.  S.  Geol.  Survey  folios,  Huntingdon,  p.  3. 
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tuck)'.  The  conditions  observed  along  the  eastern  border  northward 
from  the  Kanawha  appear  in  Mingo  county,  where  one  has  170  feet  of 
sandstone,  mostly  pebbly,  to  calcareous  red  shales,  which  may  be  at  the 
horizon  of  the  Ames  limestone  and  tlie  Pittsburg  reds.  No  trace  of 
limestone  is  seen  at  more  than  4  or  5  miles  east  from  the  Big  Sandy.* 

Allegheny  and  Conemauoh  in  the  Anthracite  Fields 
boutbbrn  and  middlb  fields.^ 

The  column  in  the  southern  field  is  much  longer  than  in  the  Middle, 
approximately  2,600  feet  remaining  in  the  deepest  parts  of  the  former, 
while  only  1,600  feet  are  reported  from  the  latter.  The  succession,  de- 
scending, near  Pottsville,  in  the  Southern  field,  is: 

Feet 

1.  Brewery  coal  bed 

2.  Interval  220 

3.  Salem  coal  bed 

4.  Interval  100 

5.  Faust  coal  bed  

0.  Interval  175 

7.  Tunnel  coal  bed  

&  Interval  165 

9.  Peach  Mountain  coal  bed 

10.  Interval 155 

11.  Yard  coal  bed 

12.  Interval  ..;... 70 

13.  Tracy  coal  bed '. '. 

14.  Interval '. 46 

15.  Tracy  coal  bed '. 

16.  Interval 65 

17.  Little  Clinton  coal  bed 

18.  Interval 55 

19.  Clinton  coal  bed 

20.  Interval 110 

21.  Little  Diamond  coal  bed 

22.  Interval 40 

23.  Diamond  coal  bed  

•  E.  V.  d'lnyiUiers :  West  Virffinia  and  Ohio  railroad,  p.  9. 
M.   R.  Campbell :  Charleston  and  Huntingdon  folios. 
I.  C.  White:  Vol.  11.  pp.  259,  279,  280,  377. 

■j-  Detailed  references  to  authorities  will  not  be  given  for  the  anthracite  fields. 
Dencrlptlons  of  the  coal  beds,  for  the  most  part,  have  been  compiled  from  Mr  A.  W. 
{Smith's  summary  In  the  Final  Report  of  the  Second  Survey ;  the  features  of  the  Intervals 
between  coal  beds  were  ascertained  by  comparison  of  sections  giYen  in  the  atlases 
accompanying  Report  A  A.  The  work  by  Messrs  Ashbumer,  Hill,  and  Smith  is  so 
Interlocked  that  one  finds  difficulty  In  assigning  proper  credit  to  each  observer.  Use 
has  been  made  also  of  Mr  B.  S.  Lyman's  studies  In  the  northern  part  of  the  Southern 
field. 
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Feet 
2A.  Interval 180 

25.  Little  Orchard  coal  bed 

26.  Interval 27 

27.  Orchard  coal  bed 

28.  Interval 110 

29.  Primrose  coal  bed  

30.  Interval 55 

31.  Holmes  coal  bed 

32.  Interval 115 

33.  Seven-foot  coal  bed 

34.  Interval 20 

35.  Mammoth  coal  bed 

3a  Interval 75 

37.  Skldmore  coal  bed 

3a  Interval 143 

39.  Buck  Mountain  coal  bed 

each  of  the  intervals  being  true  only  for  the  single  locality  at  which  the 
measurement  was  made.* 

The  Buck  Mountain  coal  bed  is  the  conventional  boundary  between 
Pottsville  and  higher  measures,  and  it  is  taken  here  as  the  bottom  of  the 
Allegheny,  to  conform  with  usage  in  an  earlier  part  of  this  work;  but 
Mr  David  White  has  offered  cogent  reasons  against  accepting  this  plane 
of  division.  They  will  be  referred  to  in  another  connection.  The  beds 
below  the  Holmes  are  known  as  "Wliite  ash,"  while  that  bed  and  those 
above  are  known  as  "Bed  Ash"  beds.  This  distinction,  however,  is  not 
absolute,  aa  ash  from  the  Mammoth  and  lower  beds  frequently  shows  the 
red  tint.f 

Several  of  the  coal  beds  in  both  fields  divide  and  subdivide  even  more 
perplexingly  than  do  those  of  the  Pottsville,  in  the  Kanawha  region,  and 
intervals  between  the  principal  coal  beds  show  abrupt  variations.  Were 
it  not  for  great  mining  operations,  extending  continuously,  in  some  cases 
for  many  miles,  positive  correlation  would  be  impossible;  but  in  those 
mines  the  "splits"  have  been  followed  as  they  separated  and  again 
united,  so  that  no  doubt  remains  respecting  some  of  the  most  remarkable 
variations  within  the  beds  and  in  the  intervals  separating  them. 

The  Buck  Mountain  coal  bed  is  present  in  both  fields.  It  is  hardly 
recognizable  in  the  western  prongs  of  the  southern  field,  but  is  2  feet  to  3 
feet  6  inches  thick  just  east  from  the  union  of  the  prongs,  where  it  is 
slaty  and  impure;  thence  eastwardly  it  increases  in  importance  until  at 
Pottsville  and  beyond  it  is  inferior  only  to  the  Mammoth,  the  thickness  on 

•  Pinal  Report,  plate  36«,  opposite  p.  2078. 

f  According  to  analyses  tabulated  by  Mr  Ashburner  In  Annual  Report  for  1885,  pp. 
S14-315. 
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the  northerly  side  being  13  to  19  feet,  with  12  to  18  feet  of  good  coal,  as 
measured  by  Mr  Lyman.  Near  Pottsville  the  bed  is  in  three  splits,  with 
a  total  of  3  to  16  feet,  but  at  Tuscarora,  8  miles  east,  the  splits  have 
united  into  a  bed  10  to  17  feet  thick.  Still  farther  east  two  splits  appear, 
20  to  100  feet  apart,  which  unite  again  eastward,  and  at  the  east  end  of 
the  field  the  bed  is  from  9  to  12  feet. 

In  the  western  Middle,  east  from  a  line  passing  rudely  north  and 
south  through  Pottsville,  the  bed  is  important,  10  to  18  feet  thick,  and 
at  the  east  end  single.  Westward  it  is  less  important  and  at  Mahanoy 
City  is  in  two  splits  20  feet  apart.  Beyond  this  it  decreases  slowly  on 
the  southern  side  of  the  field,  for  at  14  miles  it  is  still  4  to  6  feet  thick. 
Northwestwardly  from  Mahanoy  City  the  decrease  continues  for  a  short 
distance,  but  tlic  bed  recovers  and  at  10  miles  northwest  it  is  16  feet  thick ; 
thence  westwardly  it  loses  steadily,  becoming  6  feet  within  4  miles,  2  to  10 
feet,  but  with  little  good  coal,  at  7  miles,  while  at  the  western  end  it  is  a 
wortliless  mass  of  black  slate.  It  remains  available  farther  west  in  this 
than  in  the  Southern  field,  for  it  is  good  enough  to  repay  working  at 
Shamokin,  whereas  it  is  worthless  at  14  miles  southeast,  in  the  Southern 
field. 

The  variations  of  this  bed  in  the  eastern  Middle  are  unlike  those  in 
the  other  fields.  The  bed  is  important  to  the  northern  border  in  the 
extreme  eastern  portion,  showing  at  times  25  feet  of  coal;  but  westward, 
in  a  north  and  south  strip  7  or  8  miles  wide,  it  is  worthless.  This  is 
north  from  the  area  of  chief  importance  in  the  Southern  field.  Beyond 
this  space  it  increases  to  its  former  thickness,  and  so  continues  to  the 
western  end,  this  portion  being  north  from  the  important  area  northwest 
from  Mahanoy  City.  The  "splits"  do  not  separate  widely  in  the  eastern 
Middle. 

The  Seven-foot  coal  bed  of  the  Southern  and  western  Middle  is  the 
Gamma  of  the  P^astern.  It  is  often  thick,  but,  except  near  Mahanoy 
City,  it  is  a  mass  of  coal  and  slate  in  the  former  fields;  it  is  sometimes 
6  feet  thick,  with  good  coal,  in  the  eastern  part  of  the  eastern  ^liddle. 

The  Skidmore  coal  bed  of  the  Soutliern,  Wharton  of  the  Middle,  is 
persistent  in  the  Southern  field,  where  it  is  practically  worthless  except 
at  the  extreme  east  end,  though  occasionally  workable  at  a  little  farther 
west.  It  is  less  irregular  in  the  western  Middle,  where,  however,  it  is 
important  chiefly  in  the  area  northwest  from  Mahanoy  City.  Farther 
west  in  that  field  it  is  usually  worthless  except  near  Shamokin.  In  the 
eastern  Middle  it  is  good  in  the  strip  where  the  Buck  Mountain  is  worth- 
less, but  is  better  farllier  west,  where  the  lower  bed  also  attains  im- 
portance. 
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The  Mammoth  is  the  great  bed  of  both  fields.  In  the  Southern, 
toward  the  end  of  the  northern  prong,  it  is  but  2  to  4  feet  thick ;  thence 
it  increases  and  attains  its  maximum  at  the  east  end  of  the  field,  where, 
within  a  small  area,  its  splits  are  united  into  one  bed  114  feet  thick  with 
105  feet  of  coal.  Mr  Ashbumer's  section  at  one  locality  toward  this  end 
shows  three  splits,  25,  13,  and  8  feet,  in  a  vertical  distance  of  83  feet;  at 
another  locality  the  splits  are  two,  57,  and  16  feet,  95  feet  apart,  while 
at  a  third  the  bed  is  single  and  115  feet  thick.  Similar  variations  occur 
in  the  Pottsville  and  Tremont  areas,  while  northwest,  in  the  Hecksher- 
ville  area,  the  bed  is  in  two  or  three  splits  in  a  vertical  distance  of  175  to 
214  feet.  In  the  western  Middle,  east  from  Mahanoy  City,  the  splits 
are  usually  three  in  a  vertical  distance  of  150  to  200  feet;  but  the  in- 
tervals diminish  westwardly  until  at  Shenandoah  the  bed  is  single,  40 
to  60  feet  thick.  Beyond  that  place  the  coal  diminishes,  and  at  Shamo- 
kin  the  splits  are  8  and  7  feet  and  from  10  to  150  feet  apart.  Like  the 
Buck  Mountain  and  Skidmore,  this  is  a  coal  bed  much  farther  west  here 
than  in  the  Southern  field.  In  the  eastern  iliddle  the  Mammoth  is 
thick  everywhere  except  in  a  small  area  within  the  Black  Creek  basin, 
where  it  is  only  12  feet.  Ordinarily  it  is  a  single  bed  20  to  60  feet  thick, 
attaining  its  greatest  thickness  in  the  eastern  part  of  the  field ;  occasion- 
ally it  is  in  two  splits,  never  widely  separated. 

The  Holmes  coal  bed  is  persistent  in  the  Southern  and  western  Middle, 
but  it  has  not  been  recognized  in  the  eastern  Middle.  It  is  from  3  to  17 
feet  thick  and  carries  a  great  proportion  of  refuse,  except  in  the  extreme 
eastern  part  of  the  Southern  and  the  western  part  of  the  western  Middle, 
in  both  of  which  it  is  important  and  yields  good  coal. 

The  Primrose  coal  bed,  like  the  Mammoth  and  the  Buck  Mountain, 
tends  to  divide,  but  the  interval  between  the  splits  is  never  great.  It 
varies  greatly  in  thickness  within  the  Southern  field  and,  like  the  lower 
l>eds,  decreases  westwardly ;  yet  it  is  more  persistent  in  that  direction  than 
even  the  Mammoth,  for  at  the  last  exposure  in  the  northern  prong  it  still 
has  more  than  2  feet  of  good  coal.  In  the  western  Middle  it  has  6  to  7 
feet  of  coal  near  Mahanoy  City,  but  westward  it  is  poor,  until  near 
Shamokin  it  becomes  important  with  7  feet  of  marketable  coal.  It  is 
reached  at  only  two  localities  in  the  eastern  Middle  and  is  not  mined. 
At  most  places  the  coal  is  poor  and  the  bed  is  known  generally  as  the 
"Rough  coal.^' 

The  Orchard  coal  bed  is  persistent  in  the  Southern  field,  where,  unlike 
the  loM'-er  beds,  it  is  best  only  near  the  beginning  of  the  northern  prong; 
elsewhere  it  is  almost  worthless.  In  the  western  Middle  it  is  fit  to  mine 
only  near  Mahanoy  City  and  Shamokin,  but  the  refuse  at  the  former 
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locality  is  almost  50  per  cent,  so  that  the  bed  is  at  its  best  only  in  the 
western  part  of  these  fields.  It  is  not  reached  in  the  eastern  Middle. 
The  Diamond  is  a  variable  l)ed,  occasionally  workable  in  the  Southern 
field,  but  disappearing  in  the  western  part.  It  has  been  recognized  near 
Mahanoy  City  in  the  western  Middle,  but,  unlike  the  lower  beds,  it  seems 
to  be  wanting  in  the  Shamokin  area.  The  Tracy  and  Little  Tracy  show 
similar  variations.  These  are  the  highest  beds  recognized  in  the  western 
Middle.  The  Peach  Orchard  remains  in  an  area  so  small  that  its  varia- 
tions are  unimportant,  but  in  the  Pottsville  and  Llewellyn  districts  it  is 
from  4  to  10  feet  thick  and  is  one  of  the  best  beds  in  the  whole  column, 
the  coal  being  of  exceptional  purity.  It  was  apparently  the  last  im- 
portant deposit,  for,  although  the  section  extends  700  feet  above  it,  none 
of  the  higher  beds,  excepting  perhaps  the  Tunnel,  appears  to  be  worth 
working. 

The  important  period  of  coal  accumulation  within  the  Southern  and 
Middle  fields  ended  with  the  Mammoth;  for  while  the  total  amount  of 
coal  formed  during  the  remaining  time  was  probably  as  great,  yet  accumu- 
lation was  continuous  nowhere  for  long  enough  time  to  form  a  great  bed 
over  any  considerable  area.  The  irregular  local  movements  causing  the 
splitting  of  the  Mammoth  and  Buck  Mountain  were  no  greater  than  those 
occurring  in  later  intervals  of  similar  length,  as  is  evidenced  by  the 
varying  intervals  between  higher  beds.  The  variation  is.  more  striking 
in  the  Mammoth  and  Buck  Mountain  only  because  confined  in  each  case 
to  what  becomes  at  times  a  single  bed.  It  must  be  remembered  that  the 
time  required  for  accumulation  of  coal  in  those  beds  was  probably  longer 
than  that  required  for  accumulation  of  half  the  mass  above  the  Mam- 
moth ;  so  that  the  only  cause  for  wonder  is  that,  in  any  locality,  the  stib- 
sidence  could  be  so  slow  and  so  regular  long  enough  to  permit  ac^curau- 
lation  of  105  feet  of  anthracite  coal.  Great  variations  in  conditions 
existed  during  the  formation  of  all  beds  except  the  Mammoth,  for  even 
the  Buck  Mountain  shows  a  broad  area  in  which  the  carbonaceous  matter 
is  distributed  through  a  mass  of  coal  slate,  while  some  other  beds,  usually 
alternating  thin  layers  of  coal  and  slate,  occasionally  become  sufiiciently 
good  to  repay  mining. 

In  this  connection  it  is  well  to  consider  the  variations  in  some  in- 
tervals. The  sections  suggest  that  in  the  Southern  field  the  intervals 
between  Buck  Mountain  and  Mammoth  and  between  Mammoth  and 
Holmes  increase  toward  the  west ;  but  one  may  not  offer  a  generalization, 
as  complete  presentation  of  details  might  prove  this  only  an  apparent 
condition.  But  variations  in  intervals  below  the  Mammoth  are  im- 
portant, as  they  are  wholly  clear  in  the  multitude  of  sections  gathered  by 
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Messrs  Ashbumer,  Hill,  and  Smith  during  their  close  study  of  the  fields. 
In  much  of  the  Southern  field  the  interval  between  Mammoth  and  Skid- 
more  varies  from  75  to  125  feet,  but  on  the  northern  border,  where  that 
field  is  in  contact  with  the  western  Middle,  survey  sections  and  those  by 
Mr  Lman  show: 

Feet.       Feet       Feet.       Feet 

Mammoth 

iQterval    13  20  44  80 

Skldmore  

Interval    43  01  27  23 

Gamma 

these  variations  being  in  a  distance  of  two  miles  and  a  half,  the  last  at 
Mahanoy  tunnel,  on  the  border  between  the  fields.  In  the  western 
Middle  the  interval  between  Mammoth  and  Skidmorc,  west  from  Ma- 
hanoy City,  varies  from  6  to  33  feet.  In  the  eastern  Middle  one  finds 
this  interval  varying  from  8  to  114  feet  within  a  short  distance,  the  Buck 
Ifountain  at  the  latter  locality  being  300  feet  below  the  Manmioth.  In 
the  Hazleton  basin,  within  a  distance  of  8  miles,  one  finds  the  interval, 
Mammoth  to  Skidmore,  increasing  westwardly  from  35  to  41,  110,  and 
200  feet,  the  workings  being  continuous.  While  farther  north,  in  the 
Black  Creek  basin,  the  interval  between  those  beds  varies  from  nothing 
to  50  feet,  that  from  Mammoth  to  Buck  Mountain  varies  from  66  to  200 
feet  in  the  same  area.  Thus  in  Little  Black  Creek  basin  the  Wharton 
(Skidmore)  is  distinctly  a  split  from  the  Mammoth,  and  the  great  de- 
crease in  interval  to  the  Buck  Mountain  is  such  as  to  press  the  sug- 
gestion that  that  lower  bed  also  unites  with  the  Mammoth-Wharton  some- 
where in  the  eroded  area. 

The  sections  tell  of  great  variability  in  coarseness  of  the  material  be- 
tween the  coal  beds ;  limestone  appears  to  be  wanting  everywhere ;  shale 
and  sandstone,  the  latter  often  conglomerate,  fill  the  intervals. 

The  material  between  Buck  Mountain  and  Mammoth,  in  the  eastern 
part  of  the  Southern  field,  is  for  the  moat  part  sandstone,  with  at  times 
immense  beds  of  conglomerate;  but  near  Pottsville  slate  predominates, 
while  southeast  from  I'remont  there  is  no  conglomerate  and  more  than 
half  of  the  interval  is  filled  with  slate.  Farther  west  the  predominating 
ro<'k  is  sandstone,  with  little  conglomerate,  but  at  Lykens,  in  the  northern 
prong,  conglomerate  48  feet  thick  is  at  100  feet  below  tht  Mammoth. 
Beds  of  conglomerate  fill  inten^als  between  the  Mammoth  splits  at  a  num- 
Imt  of  localities.  In  the  western  Middle  coarse  material,  sandstone,  and 
conglomerate  predominate  east  from  the  line  of  Mahanoy  City;  west 
from  that  line  there  is  much  variation.  At  times  conglomerates  are  on 
the  Buck  Mountain  and  under  the  Manunoth,  but  near  Shamokin  the 
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interval  shows  only  alternating  shales  and  sandstones.  Tn  the  eiisteni 
Middle  sandstone,  conglomerate,  and  comparatively  little  slate  are  at  the 
south  and  east,  but  in  the  northerly  and  northwesterly  basins  shale  ap- 
pears abundantly  in  many  sections,  at  times  predominating. 

Above  the  Mammoth  there  is  much  greater  variation.  In  the  eastern 
part  of  the  Southern  field  conglomerate  occurs  only  in  thin  beds,  though 
one  section  shows  37  and  another  78  feet  of  conglomerate  near  the 
Holmes.  In  some  sections  shales  predominate  for  a  long  distance  above 
the  Mammoth  and  coarse  beds  appear  only  in  the  higher  portions.  In  the 
eastern  Middle,  which  is  north  from  the  eastern  end  of  the  Southern, 
sandstone  prevails  above  the  Mammoth,  but  even  in  the  Southern  basin, 
Beaver  meadow,  the  proportion  of  slate  is  very  large.  At  the  north,  in 
the  Big  Black  creek  basin,  the  coarsest  rocks  are  midway  in  the  basin  and 
slates  prevail  on  the  western  side.  In  the  central  part  of  the  Southern 
field,  near  Potisville,  slates  predominate  to  the  Little  Tracy  at  1,450  feet 
above  the  Buck  Mountain,  the  beds  being  from  25  to  100  feet  thick, 
while  the  total  of  conglomerate  is  not  more  than  45  feet.  Southeast  from 
Tremont  the  interval,  Mammoth  to  Orchard,  shows  fully  200  feet  of 
slate  in  beds  10  to  33  feet  thick,  but  fine  conglomerate  is  associated  with 
the  Holmes,  Primrose,  and  Orchard  coal  beds.  The  coals  frequently 
succeed  or  precede  a  bed  of  conglomerate.  In  the  sections  beyond  Potts- 
ville,  westward,  there  is  little,  aside  from  slate,  to  the  Primrose,  though 
occasionally  a  section  shows  more  sandstone  than  slate,  and  even  some 
thin  streaks  of  conglomerate.  Near  the  origin  of  the  northerly  prong 
sandstone  is  the  rock  for  60  feet  above  the  Mammoth,  beyond  which  there 
is  mostly  shale  to  the  Orchard;  but  above  that  bed  for  150  feet  there  is 
little  aside  from  sandstone.  Farther  west,  at  Lykens,  sandstone  prevails 
to  400  feet  above  the  Mammoth.  In  the  western  Middle,  west  from  the 
line  of  Mahanoy  City,  fine  sediments  predominate  above  the  Mammoth, 
there  being  alternating  shales  and  sandstones;  but  one  section  near 
Shamokin  differs  from  others  in  that  region,  as  in  316  feet  below  the 
Holmes  it  shows  but  60  feet  of  slate. 

On  the  whole,  materials  are  markedly  coarser  in  the  eastern  parts  of 
the  fields ;  but  even  there  the  sections  prove  erroneous  the  opinion  so  long 
prevalent  that  shales  are  lacking,  while  in  the  greater  part  of  the  western 
areas  shales  are  present  in  large  proportion.  The  presence  of  so  much 
coarse  material  in  the  northern  prong  has  interest  for  the  geographer. 

NORTHERN  FIELD 

In  the  northern  part  of  this  field  the  Coal  Measures  column  is  but  400 
feet,  but  the  length  increases  southwardly  until,  in  the  deep  basin  between 
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Wilkesbarre  and  Nanticoke,  there  remains  a  thickness  of  about  1,800 
feet.  The  lower  coal  beds  seem  to  be  fairly  recognizable  in  the  several 
basins,  but  much  doubt  exists  respecting  the  higher  beds.  Even  in  the 
lower  beds  identifications  must  be  made  with  hesitation  at  times,  as  the 
beds  in  splitting  become  thin  and  continuous  workings  are  not  possible. 
The  succession  and  probably  synonymy  are  as  follows,  descending: 

Auble  coal  bed, 

Snake  coal  bed, 

Abbott  coal  bed, 

Kidnej  coal  bed, 

Olypbant  coal  bed    I,  Brisbin, 

Olyphant  coal  bed  II, Richmond,  Hillnian  (?) 

Diamond  coal  bed. 

Rock  coal  bed.  Checker, 

Pittston  coal  bed.  Grassy  island,  Slope,  Big,  Baltimore, 

Marcy  coal  bed.  New  County,  Four-foot,  Ross, 

Shaft  coal  bed,  Archbold,  Clark,  Four-foot, 

Dunmore  coal  bed  III,  Clifford,  '\ 

Dunmore  coal  bed    II,  C  Dunmore,  Red  Ash,  Buck  Mountain. 


Dunmore  coal  bed      I, 


J 


The  Dunmore  coal  beds  are  subject  to  great  variation  in  the  northern 
part  of  the  field;  six  beds  are  shown  in  a  vertical  distance  of  136  feet  at 
Carbondale,  of  which  one  is  workable,  but  farther  north,  at  Forest  City, 
all  are  thin.     The  interval  from  the  Shaft  coal  bed  to  the  top  of  the 
Pottsville,  near  Carbondale,  is  125  feet,  but  at  Forest  City  it  is  ISO. 
Still  farther  southwest,  near  Priceville,  Olyphant,  and  Blakely,  the  Dun- 
more beds  are  all  thin,  but  at  one  locality  on  the  northerly  side  they  scorn 
to  have  united  into  one  bed  with  14  feet  of  good  coal,  and  the  interval 
from  Clark  (Shaft)  coal  to  Pottsville  has  increased  to  260  feet.     Toward 
Scranton  three  Dunmore  beds  are  worked  at  202  feet  below  the  Clark 
(Shaft)  coal,  with  a  total  of  16  feet  of  coal  and  partings  in  a  vertical 
space  of  32  feet ;  but  these  intervals  are  unusually  small,  as  the  Dunmore 
beds  are  distributed  ordinarily  in  a  vertical  space  of  about  100  feet  and 
highest  one  is  from  170  to  35  feet  below  the  Clark,  this  interval  decreas- 
ing southwestwardly.     In  the  Pittston  area  the  Dunmore  beds  are  repre- 
sented by  the  Red  Ash,  or  Powder  Mill,  coal  bed,  which  is  usually  triple  in 
the  northeastern  portion,  the  intervals  between  the  splits  varying  from  a 
few  inches  to  60  or  70  feet,  though  where  the  bed  is  double  the  interval 
rarely  exceeds  20  feet.     In  the  western  portion  the  bed  is  usually  double, 
with  the  splits,  5  and  4  feet,  about  25  feet  apart;  but  in  the  Boston  col- 
liery they  are  imited  with  a  thickness  of  10  to  12  feet.     In  the  eastern 
portion  of  this  area  the  Clark  is  80  feet  above  the  top  split,  but  in  the 


224      J.  J.  STfiVEKSOX CARBONtFEftOrS  OF  APPALACHIAN  BASIN* 

southwest,  where  the  bed  is  8iiio:le,  the  inten'al  is  140  feet.  The  Bed 
Ash  becomes  very  important  in  the  Wilkesbarre  region,  the  splits  uniting 
to  make  a  bed  10  to  12  feet  thick;  farther  southwest  the  thickness  in- 
creases to  15  or  20  feet,  occasionally  swelling  to  40  feet,  though  the  in- 
terval between  the  splits  sometimes  reaches  50  feet.  At  the  last  ex- 
posure southward  the  bed  is  still  5  to  9  feet  thick,  and  is  known  as  tho 
Buck  Mountain. 

The  Shaft,  Clark,  or  Archbold  coal  bed  is  double  near  Carbondalo, 
where  the  interval  between  the  "top"  and  bottom''  splits  varies  from 
nothing  to  40  feet;  but  at  the  north  end  of  the  field,  near  Forest  City, 
the  bed  seems  to  be  always  single.  In  the  Price ville,  Olyphant,  and 
Blakely  region  it  is  single,  9  to  10  feet  at  the  north,  but  decreasing  south- 
wardly to  3  or  5  feet,  and  at  length  to  a  mass  of  coal  and  slate  which  can 
hardly  be  recognized  in  the  borings.  Still  farther  soutliward  it  is  im- 
portant, becoming  10  to  12  feet  near  Hyde  Park,  in  the  Scranton  area : 
but  again  it  decreases,  and  in  the  Pitts  ton  area  is  2  to  8  feet  thick,  with 
"Bough  coal"  so  high  in  refuse  that  it  is  hardly  worth  mining.  This 
deterioration  evidently  continues,  for  the  bed  seems  to  be  unknown  in  the 
Xanticoke  area  at  the  south  end  of  the  field. 

The  New  County,  Marcy,  or  Boss  coal  bed  is  represented  by  the  Four- 
foot  coal  bed  of  the  Priceville  area;  but  it  becomes  important  first  in  the 
Scranton  region,  where  at  times  it  is  from  7  to  9  feet  thick,  with  5  to  7 
feet  of  good  coal.  It  is  good  as  far  as  Pittston,  but  thence  deteriorates 
for  several  miles,  though  retaining  its  thickness.  It  varies  greatly  in  the 
Wilkesbarre  region,  4  to  20,  and  in  one  colliery  even  40  feet  thick.  The 
interval  to  the  Bed  Ash  is  50  to  150  feet.  The  bed  is  sometimes  in  two 
splits,  5  to  10  feet  apart ;  these  diverge  toward  the  Nanticoke  area  until 
they  are  50  feet  apart,  with  the  thickness  respectively  of  15  and  9  feet; 
but  this  interval  is  very  irregular.  At  the  Wanamie  colliery  the  bed  is 
single  and  15  to  25  feet  thick ;  at  Glen  Lyon  the  splits  are  sometimes  near 
enough  to  be  mined  as  one  bed,  but  followed  westwardly  in  the  tunnel 
they  diverge  widely.  At  Glen  Lyon  the  interval  to  the  Bed  Ash  is  40  to 
100  feet,  increasing  westwardly. 

The  Slope,  Grassy  Island,  Big,  Pittston,  Baltimore  coal  bed  is  130  feet 
above  the  Clark  at  Carbondalc,  though  farther  north,  at  Forest  City,  the 
interval  is  but  80  feet.  In  this  northern  part  of  the  field  the  bed  is  about 
5  feet  thick,  but  it  increases  southwardly,  so  as  to  have  a  thickness  of 
about  8  feet  in  the  Jermyn  basin,  where  the  interval  to  the  Clark  has 
become  200  feet.  In  the  Scranton  area  the  '^Big'^  bed  averages  12  feet 
and  is  100  to  150  fei»t  above  tho  Clark;  farther  southward,  near  Pittston, 
the  "Pittston"  coal  averages  10  feet  6  inches  and  is  126  feet  above  the 
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Clark.  The  "Baltimore''  coal  of  the  Wilkesbarre  area  is  believed  to  be 
the  same  bed:  there  it  is  often  in  two  splits,  the  Bennett  and  Cooper, 
which  are  mined  separately.  When  united,  the  thickness  averages  20 
feet.  It  is  single  from  Wilkesbarre  to  Ashley,  but  splits  northeast  from 
the  former  place,  the  interval  being  20  to  40  feet  and  the  thickness  of 
coal  16  feet.  It  is  always  split  west  from  South  Wilkesbarre,  with  only 
10  feet  of  coal  and  the  splits  about  50  feet  apart.  The  interval  to  the 
Ked  Ash  is  about  300  feet.  The  relations  in  the  Nanticoke  area  are 
uncertain.  A  bed  found  there  at  90  to  140  feet  above  the  Ross,  and 
known  as  the  Twin,  or  Wanamie,  is  very  near  the  place  of  the  Baltimore ; 
but  it  is  so  variable  that  some  think  it  the  equivalent  of  one  of  the  thin 
beds  seen  above  the  Ross  farther  north.  Two  higher  beds  have  been 
taken  by  some  to  be  equivalents  of  the  Bennett  and  Cooper  splits  of  the 
Baltimore,  and  the  beds  bear  those  names.  The  lower  one  is  50  to  100 
feet  above  the  Twin  and  the  other  is  30  to  40  feet  higher.  The  lower 
i)ed  is  mined  at  some  places,  4  to  6  feet  6  inches  thick,  but  the  upper  bed 
is  extremely  variable  and  of  little  importance.  In  any  event,  whether 
the  equivalent  of  the  Baltimore  be  the  Twin  or  the  higher  beds,  it  is  evi- 
dent that  the  great  bed  has  become  insignificant  in  passing  from  Wilkes- 
barre to  the  Nanticoke  area. 

There  seems  to  be  a  persistent  coal  horizon  at  15  to  100  feet  above 
the  Big,  or  Baltimore,  bed;  it  is  the  Rock  coal  of  the  Jermyn-Priceville 
area,  traceable  thence  into  the  Pittston  area,  where  it  is  known  as  the 
Checker.  It  becomes  important  here  and  there,  varies  from  6  to  10  feet, 
and  generally  yields  rather  poor  coal. 

In  the  Jermyn-Priceville  area  the  sections  show  three  coal  beds  above 
the  Rock  within  a  vertical  space  of  about  200  feet ;  these  are  the  Diamond, 
Olyphant  2  and  1.  They  yield  good  coal,  but  are  rather  thin.  They 
have  been  recognized  in  the  Scranton  region,  sliowing  the  same  features. 
In  the  Pittston  area  a  coal  bed,  the  Hillman,  is  at  an  average  distance  of 
1T5  feet  above  the  Checker,  6  to  8  feet  thick,  and  preserved  in  only  a 
small  space.  A  coal  bed  known  as  the  Hillman  occurs  in  the  Wilkes- 
barre area  at  an  average  distance  of  270  feet  above  the  Baltimore  bed, 
and  is  from  7  to  10  feet  thick,  with  much  clean  coal.  As  the  areas  of  the 
higher  beds  are  very  small  near  Pittston  and  Wilkesbarre,  it  is  difficult 
to  make  correlation;  but  the  Hillman  of  both  Pittston  and  Wilkesbarre 
seems  to  be  one  bed  and  very  near  the  place  of  Olyphant  2.  A  Hillman. 
coal  is  in  the  Nanticoke  region  at  240  feet  above  the  Twin  coal.  It  is 
very  near  the  place  of  the  Wilkesbarre  Hillman,  if  the  Twin  be  taken  as 
the  Baltimore. 

ZYIII — ^BuLL.  Gaou  8oc.  Am.^  Vol.  17.  1006 


226       J.  J.  STB\TSNW)N CARBONIFBROUS  OP  APPALACHIAN  BASIN 

In  the  deep  basin  between  Wilkesbarre  and  Nanticoke,  there  are  above 
the  Hillman  several  coal  beds,  some  of  which  are  fairly  regular ;  but  the 
accumulation  of  coal  in  available  beds  seems  to  have  ceased  at  about  1,200 
feet  above  the  Red  Ash  bed  and  the  higher  measures  are  barren ;  south- 
east from  Nanticoke  to  Dundee  the  upper  measures  for  900  feet  have 
been  proved  by  borings  to  be  without  workable  coal. 

Bespecting  the  relations  of  the  coal  beds  in  this  field  to  those  in  the 
others,  nothing  can  be  determined  by  stratigraphy;  a  gap  of  almost  25 
miles  separates  the  areas.  The  Bed  Ash  and  the  Baltimore  are  supposed 
to  be  equivalent  to  the  Buck  Moimtain  and  Mammoth  respectively.  The 
important  Shaft,  or  Archbold  bed,  evidently  disappears  southward  before 
reaching  the  Nanticoke  area,  and  the  Baltimore,  the  second  important 
bed  above  it,  becomes  so  obscure  and  uncertain  that  its  equivalent  in  the 
Nanticoke  region  is  still  undetermined.  The  only  coal  beds  retaining 
their  importance  are  the  Bed  Ash,  or  Dunmore ;  the  Boss,  which,  owing 
to  disappearance  of  the  Archbold,  becomes  the  second  bed,  and  the  Hill- 
man.  It  has  been  seen  that  in  the  nearest  portion  of  the  eastern  Middle 
the  Mammoth  and  Skidmore  prove  to  be  one  bed,  and  that  the  interval 
between  that  bed  and  the  Buck  Mountain  is  so  diminished  as  to  suggest 
that  they  may  unite  at  but  a  little  way  northward.  It  seemed  possible, 
therefore,  to  seek  in  the  Bed  Ash  of  the  northern  field  the  equivalent  of 
the  Buck  Mountain,  Skidmore,  and  Mammoth;  but  this  suggestion  ap- 
pears to  be  contrary  to  the  evidence  furnished  by  plant  remains,  as  read 
by  Mr  David  White,  so  that  it  may  not  be  accepted.  The  solution  of  the 
problem  remains  with  the  paleontologist. 

The  material  filling  intervals  between  coal  beds  in  the  northern  end 
of  this  field  is  for  the  most  part  rather  fine.  Sandstone  prevails  above 
the  Clifford-Dunmore,  and  one  section  shows  51  feet  of  conglomerate 
resting  on  that  bed ;  but,  higher  up,  sandstone  and  shale  are  in  alternating 
beds.  Near  Carbondale  the  sandstones  are  fine  and  the  proportion  of 
slate  is  large,  but  near  Jermyn  the  sections  show  little  aside  from  sand- 
stone. This  is  the  condition  near  Olyphant  even  to  the  Diamond  coal 
bed.  On  the  easterly  border,  near  Winton,  conglomerate  appears  in  most 
of  the  sections  between  the  Dunmore  and  Clark  beds;  but  in  the  Price- 
ville-Dunmore-Scranton  region  coarse  rocks  are  usually  wanting  and 
shale  is  present  in  great  proportion  for  240  feet  above  the  bottom.  The 
change  from  sandstone  to  slate  is  very  abrupt  in  many  places  and  a 
record  in  Scranton  shows  a  notable  bed  of  conglomerate. 

Farther  southwest  one  finds  a  persistent  conglomerate  above  the  Red 
Ash  in  the  Lackawamia-Pleasant  Valley  district;  it  is  witliin  the  first 
120  feet  above  that  coal  bed,  and  varies  from  9  to  80  feet  in  thickness. 
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Sandstone  predominates  in  the  sections,  though  thick  beds  of  shale  are 
not  wanting.  Near  Pittston  and  Wyoming  the  interval  between  Red  Ash 
and  Checker  is  filled  with  sandstone  or  with  clay  and  sandstone,  there 
being  no  coarse  material  aside  from  some  thin  streaks  of  conglomerate 
near  Wyoming;  but  a  conglomerate  18  to  42  feet  thick  overlies  the 
Checker.  Near  Luzerne  some  sections  show  a  variable  conglomerate 
al)ove  the  Boss,  but  for  the  most  part  there  seem  to  be  only  sandstone 
and  shale  up  to  520  feet  above  the  Red  Ash.  Southeastwardly,  however, 
near  Wilkesbarre  and  thence  toward  the  easterly  edge  of  the  field  con- 
glomerate appears  in  many  sections  between  the  Red  Ash  and  the  Balti- 
more, between  Baltimore  and  Hillman,  as  well  as  above  the  last  bed,  and 
the  conglomerates  are  thick,  10  to  130  feet.  In  some  records  no  con- 
glomerate is  noted,  but  in  all  the  deposits  are  coarse  and  there  is  little 
shale.  Near  Plymouth  one  record  gives  86  feet  of  conglomerate  between 
Red  Ash  and  Ross,  but  other  records,  extending  800  to  1,300  feet  above 
the  Red  Ash,  show  no  conglomerate,  while  shales  or  clays  make  up  nearly 
half  the  mass.  Near  Ashley  and  Sugar  Notch,  southeast  from  Plymouth 
and  toward  the  easterly  border,  conglomerate  is  reported  occasionally, 
but  not  as  in  the  Wilkesbarre  area  on  this  side  of  the  field,  and  the  in- 
terval. Red  Ash  to  Baltimore,  is  filled  usually  with  sandstone,  while 
shales  become  abundant  higher  up  in  the  column. 

Conglomerate  appears  between  Red  Ash  and  the  place  of  the  Baltimore 
near  Nanticoke  and  Glen  Lyon,  at  the  southern  end  of  the  field,  some- 
times resting  on  the  Red  Ash,  and  in  one  case  very  near  the  "Bennett." 
Still,  many  records  show  only  sandstones  in  this  interval.  Deposits  are 
^er  above  the  place  of  the  Baltimore,  and  there  is  much  shale. 

Limestone  occurs  only  in  the  upper  part  of  the  column,  and  seems  to 
6e  confined  to  the  Wilkesbarre-Nanticoke  region.  The  first  notice  of  this 
limestone  was  by  Mr  Ashbumer,  who  gave  a  section  which,  condensed, 
IS  as  follows: 

Feet 

1.  Slate,  thin  coals,  and  sandstone 138 

2.  Mill  Greek  limestone 1 

3.  Sandstone 25 

4.  Canal  limestone  2 

5.  Slates,  sandstones,  and  coal  beds 134 

6.  Limestone 2 

7.  Slate,  sandstone,  conglomerate,  coal  beds 155 

8.  Hillman  limestone 3 

9.  Slate 10 

10.  Hillman  coal  bed 16 

11.  Conglomerate,  slates,  sandstone,  coal  beds 341 

12.  Coal  bed  B,  Baltimore 16 

13.  Sandstones,  conglomerates,  coal  beds 351 
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in  all  1,194  feet  to  the  Pottsville.  The  fossils  were  obtained  from  the 
Mill  Creek  limestone,  which  is  about  700  feet  above  the  Baltimore  coal 
bed ;  the  other  limestones,  so  far  as  known,  are  non-fossiliferons.*  The 
collections  were  examined  bv  Professor  Angelo  Heilprin,  who  gave  a  list 
of  about  twenty  species.  Comparison  of  these  forms  with  those  obtained 
in  southwestern  Pennsylvania  and  the  adjacent  portion  of  West  Virginia 
leads  to  no  positive  conclusion  respecting  the  place  of  the  limestone. 
Three  forms,  Eumicrotis  hairni.  Monopteria  gihhosa,  and  Chonetes  mille' 
punctata,  have  not  been  reported  from  any  other  locality  in  the  Appa- 
lachian basin.  The  other  forms  are  widely  distributed,  most  of  them 
having  been  found  below  the  Mahoning  interval.  Somewhat  similar 
grouping  of  forms  occurs  in  a  black  shale  near  Dundee,  which  Mr  Hill 
places  about  250  feet  above  the  Mill  Creek  limestone.  As  far  as  the 
testimony  of  these  fossils  is  concerned,  the  Mill  creek  is  as  likoi^  to  l>e 
Allegheny  as  Conemaugh ;  but  the  coal-making  period  seemed  to  have 
ceased  in  great  measure  after  the  Hillman  bed,  so  that  hero  one  finds 
conditions  characterizing  the  Conemaugh  in  the  bituminous  areas. 

It  seems  altogether  probable  that  the  higher  beds  of  the  Northern 
fields  are  wholly  unrepresented  in  the  Southern  field.  In  an  earlier  part 
of  this  work  it  was  seen  that  the  Pottsville  diminishes  northwestwardly, 
so  that  the  vast  pile  of  the  Southern  is  represented  by  a  very  short  col- 
umn in  the  Northern  field.  In  the  higher  measures  one  finds  that  the  in- 
terval. Buck  Mountain  to  Tracy,  diminishes  almost  to  one-half  in  passing 
from  the  neighborhood  of  Pottsville  into  the  western  Middle.  If  the 
change  continue  in  this  upper  portion  as  in  the  Pottsville,  the  great 
column  of  the  Southern  field  should  be  represented  by  less  than  the  lower 
half  of  the  column  in  the  Northern  field ;  so  that  one  might  regard  the 
rocks  above  the  Hillman  coal  bed  as  without  equivalent  in  the  Southern 
field. 


*  Annual  Report  for  1885.  pp.  449  et  seq. 
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Introductory  Statement 

The  Saint  Peter  sandstone  is  one  of  the  most  prominent  Ordovieic 
formations  of  the  Mississippi  valley.  Because  of  its  striking  characters 
it  has  attracted  comment  from  almost  every  geologifit  whose  work  lay 
within  this  territory.  Most  of  them  have  been  led  to  suggest  an  explana- 
tion of  its  remarkable  purity^  or  its  apparent  uniformity,  or  its  structural 
relations.  Many  have  regarded  the  formation  one  of  the  most  puzzling 
of  the  region,  the  obscure  problem  being  that  of  origin. 

The  following  study  is  primarily  one  of  the  physiographic  conditions 
represented  in  Saint  Peter  time.  It  has  led  to  a  comparative  study  of 
this  formation  as  described  from  many  localities  and  by  many  observers. 
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This  data  has  heen  checked  wherever  possible  by  the  writer's  own  ob- 
servations,* which,  together  with  his  examinationsf  of  material^  form 
the  basis  of  the  discussion. 

The  work  has  been  carried  on  in  the  Stratigraphic  Laboratory  at 
Columbia  University,  and  was  undertaken  at  the  suggestion  of  Professor 
Grabau,  in  whose  classes  the  researches  have  been  discussed  and  to 
whom  the  writer  is  indebted  for  many  suggestions. 

The  Saint  Peter  sandstone  has  often  been  described  in  admirable 
detail,  t  To  this  feature  the  present  writer  has  added  little.  To  the 
comparative  side  and  the  resulting  interpretation  as  to  conditions  pre- 
vailing during  the  time  represented  by  this  formation  this  discussion  of 
what  is  otherwise  so  well  worn  a  subject  is  directed.  If  the  conclusions 
are  well  founded,  then  they  explain  the  problem  of  origin  also;  and  its 
uniformity  of*  grain,  its  purity  of  composition,  its  great  extent,  its  appar- 
ent conformity  to  adjacent  beds  are  not  inexplicable  sedimentary  puzzles. 

From  the  nature  of  the  undertaking,  it  will  be  necessary  to  summarize 
the  essential  points  of  the  facts  gathered  from  observers  touching  this 
formation  and  later  to  compare  and  interpret  local  variations. 

Since  finishing  the  manuscript  of  this  article§  the  writer's  attention 
has  been  called  to  a  paper  by  A.  Kutot,  which  contains  a  very  suggestive 
discussion  of  the  principles  involved  in  sedimentation,  and  includes  the 
same  ideas  and  general  treatment  that  are  here  applied  to  a  particular 
case. 

General  Character  and  Distribution  of  the  Sandstone 

The  Saint  Peter  formation  is  a  quartz  sandstone,  a  silicareiiyte.  In 
most  descriptions  the  same  characteristic  are  enumerated.  It  is  coarse 
and  uniform  grained,  with  almost  no  cementing  material  and  little  im- 

*  These  coDslst  of  field  observations  for  many  years  In  the  Upper  Mississippi  Valley 
ref^lon. 

t  Recent  laboratory  study  of  material  obtained  from  localities  distributed  throughout 
the  areal  extent  of  the  formation. 

^  To  attempt  a  complete  acknowledgment  of  the  sources  of  Information  on  this  sub- 
ject Is  scarcely  practicable.  They  are  exceedingly  numerous.  The  chief  publicatlous 
relied  on,  however,  are  those  of  the  Geological  and  Natural  History  Survey  of  Wisconsin, 
the  Geological  and  Natural  History  Survey  of  Minnesota,  the  Geological  Survey  of 
Iowa,  the  Geological  Survey  of  Missouri,  the  Geological  Survey  of  Illinois,  the  Geolog- 
ical Survey  of  Michigan,  including  descriptions  and  discussions  by  T.  C.  Chamberlln, 
N.  H.  Winchell,  W.  H.  Norton,  C.  R.  Keyes,  Samuel  Calvin,  James  Hall,  J,  D.  Whitney, 
A.  H.  Wortlien,  James  Shaw,  F.  L.  Nason,  and  others.  Among  authors  of  Important 
special  papers  or  reports  are  D.  D.  Owen,  Joseph  F.  James,  C.  W.  Hall,  F.  W.  Sardeson. 
Citations  are  made  to  many  of  these  at  appropriate  points  throughout  the  paper  and 
especially  in  those  matters  with  which  the  present  discussion  is  mainly  concerned. 

2  A.  Rutot:  Les  Phtoom^nes  de  la  Sedimentation  Marine.  Bull.  Mus4e  Royal 
d'Histoire  Naturelle  de  Belglque,  T.  ii,  41-83.  1883. 

II  Journal  of  the  Cincinnati  Society  of  Natural  History,  July,  1894,  p.  120.  The  St 
Peter's  Sandstone,  by  Joseph  F.  James. 
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purity.  At  most  typical  localities  the  composition  is  about  99  per  cent 
biO,.  In  color  there  is  considerable  variation,  locally,  chiefly  due  to 
iron  stains,  but  at  the  typical  exposures  it  is  white  or  yellowish,  often 
only  faintly  streaked  with  color. 

Usually  the  rock  is  massive,  with  only  occasional  bedding  planes  or 
color  zones  or  other  structural  features. 

This  formation,  considering  its  exceptional  character,  has  very  wide 
distribution.     Its  outcrops  occur  along  a  zone  including  southeastern 


FiouBK  1. — Areal  Distrihution  of  the  Saint  Peter  Sandstone  Formation 

Minnesota  to  the  vicinity  of  Minneapolis  and  Saint  Paul,  southwestern 
and  southern  Wisconsin  and  a  narrow  fringe  along  the  eastern  margin  of 
that  state ;  a  like  strip  across  the  northern  peninsula  of  Michigan,  passing 
into  southern  Canada  in  the  vicinity  of  Saint  Joseph  island,  continuing 
in  an  easterly  course.  It  has  a  most  typical  development  in  northern 
Illinois  and  portions  of  ea&tem  Iowa.  There  are  also  outcrops  of  the 
same  formation  in  Missouri. 
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From  the  diBtribution  of  the  outcrops,  together  with  the  records  of 
deep  wells  and  local  stratigraphic  interpretation,  it  is  certain  that  the 
Sain  Peter  area  includes  almost  the  whole  of  Iowa,  Illinois,  and  Missouri, 
together  with  large  areas  in  Minnesota,  Wisconsin,  Michigan,  and  In- 
diana,  as  well  as  less  clearly  defined  portions  of  Nebraska,  Kansas,  Arkan- 
sas, Indian  Territory,  and  possibly  North  Dakota.  The  northerly  border 
of  this  great  tract  exhibits  the  upturned  eroded  edge  of  the  Saint  Peter 
in  characteristic  facies.  The  southerly  and  easterly  border,  on  the  other 
hand,  passes  more  and  more  deeply  beneath  later  sediments,  beyond  ob- 
servation except  by  deep  well  records.  These  indicate,  however,  a  grad- 
ual increase  of  argillaceous  and  calcareous  matter  in  this  direction.  The 
distribution  and  boundaries  are  plotted  on  the  accompanying  outline  map. 

General  stratigraphic  Position 

The  Saint  Peter  is  Ordovicic  in  age.  In  its  northerly  exposures  it  is 
overlain  by  a  limestone  that  is  correlated  with  the  Stones  River  formation 
by  Ulrich  and  Winchell,*  and  it  is  underlain  by  a  dolomite,  called  the 
Shakopee,  also  Ordovicic  in  age,  but  of  doubtful  equivalence.  The  de- 
scending series  of  dolomites,  shales,  and  sandstones  beginning  with  the 
Shakopee,  known  as  the  "Magnesian  series,"f  carries  somewhere  the  line 
dividing  Cambric  from  Ordovicic  time,  but  the  exact  position  of  it  is 
uncertain.  The  base  of  the  Paleozoic  column  is  represented  by  a  thick 
sandstone  and  conglomerate,  commonly  referred  to  as  the  Potsdam  or  the 
Basal  sandstone,  or  the  Saint  Croix  formation,  by  workers  in  different 
fields. 

The  Saint  Peter  therefore  occupies  a  position  well  toward  the  base 
of  the  Ordovicic  series,  and  it  is  the  uppermost  one  of  the  five  sandstone 
formations  which  give  a  predominant  arenaceous  character  to  the  basal 
Paleozoic  rocks  of  the  northern  Mississippi  Valley  region.  This  relation- 
ship is  indicated  in  figure  2. 

In  other  areas,  especially  southward,  there  ma}'  be  conditions  of  over- 
lap that  modify  minor  stratigraphic  relationships  of  succession,  as  will 
be  indicated  in  another  paragraph. 

It  has  been  common  usage  to  correlate  the  Saint  Peter  with  the 
Calciferous  (Beekmantown)  or  with  the  Chazy  of  New  York.  This  has 
been  done  more  on  the  order  of  succession  and  similarity  of  rock  type 
than  any  direct  evidence.  The  few  fossil  forms  found  give  little  help  in 
exact  correlation. 


*  Geol.  and  Nat.  Ulst.  Survey  of  Minnesota,  Final  Report,  vol.  Ill,  part  11.  pp.  xctil-zclv. 
t  Bull.  Oeol.  Boc.  Am.,  vol.  6,  pp.  167-198. 
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Lithologic  similarity  in  widely  separated  areas  is  a  most  questionable 
basis  for  correlation  or  time  equivalence. 

Maqnoketa  shales. 

Galena  limestone  and  shales,  120. 

Black  River  shales,  70. 
Stones  River  limestone,  23. 
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FiouBi  2. — Lower  Paltoeoic  Formationt, 

Upper  Mifltisdppl  Valley  region.    Relative  thicknesB  of  members  of  the  series  is  that 

of  southern  Minnesota. 

Besides^  in  this  case,  even  if  the  beds  could  be  followed  continuously 
from  west  to  east,  a  former  la:nl  barrier  seems  to  have  actually  separated 
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the  two  seas  in  which  the  tA'^pical  formations  were  accumulating.  This 
still  further  increases  the  difficulty  of  direct  comparison  and  makes  any 
statement  of  exact  correlation  in  terms  of  Chazy  or  Calciferous  (Beek- 
mantown)  of  doubtful  value.  The  only  method  left  is  by  the  indirect 
process  of  comparing  the  succession  from  a  well  established  base  of  uni- 
formly recognized  formation. 

The  formation  best  suited  to  this  datum-plane  use  is  the  Black  River 
beds.  They  have  a  more  universal  extent  than  any  other  of  the  lower 
members  of  the  series,  in  that  they  cross  the  New  York  divide  (Frontenac 
axis)  and  are  recognizable  in  both  ancient  seas. 

On  the  east  side  of  the  divide,  in  the  ancient  sea  that  occupied  New 
England  and  the  eastern  borders  of  New  York,  was  laid  down  a  contin- 
uous series  whose  succession  is  as  follows: 

Feet 

Black  River 80 

Chazy  ♦   800 

Beekmnntown 1,500 

Potsdam 0-1,000 

On  the  west  side  of  the  divide  the  Chazy  and  Beekmantown  are  not  at 
all  or  only  partially  developed.  Their  time  equivalents  are  represented 
in  the  formations  and  erosion  intervals  preceding  the  Black  River  bedjs, 
as  they  overlap  against  the  flank  of  the  Adirondacks.  The  first  one  of 
these  below  the  Black  Eiver  is  the  Lowville,  resting  on  the  basal  con- 
glomerate and  Archean  gneiss  of  the  protaxis  on  the  west  side  of  the 
Adirondacks.  In  the  Mohawk  valley  some  400  or  500  feet  of  Beekman- 
town rest  on  the  pre-Cambric  gneiss,  followed  after  a  pronounced  erosion 
interval  by  a  few  feet  of  the  upper  Lowville,  which  grade  into  the  Black 
River.  As  shown  by  well  borings,  successive  members  of  the  very  ex- 
tensive series  of  lower  Ordovicic  and  Cambric  sediments  appear  one  below 
another  at  greater  and  greater  distance  from  the  crystallines.  Toward 
the  southwest  there  are  prevailingly  limestones  and  dolomites  consti- 
tuting the  Stones  River  group  and  Knox  dolomite,  which  together  attain 
a  great  thickness. 

In  the  interior  sea,  the  so-called  Mississippian  sea,  there  is  a  clo^e 
relationship  of  formations.  There  is,  however,  much  variety  in  the  series 
along  the  margins,  and  the  numerous  breaks  and  oscillations  make  it 
possible  locally  to  subdivide  minutely  with  success.  In  the  deeper,  le^s 
disturbed,  sea  basin  there  was  apparently  continuous  sedimentation  and 
a  fairly  uniform  type  of  deposit  resulted.     Into  this  each  marginal  typo 

*  Bralnard  and  Seeley :    Bull.  Am.  Mus.  Nat.  Hist.,  vol.  vili,  p.  305. 
American  Geologist,  vol.  ii,  p.  323. 
Bralnard :  Bull.  Geol.  Soc.  Am.,  vol  2,  p.  298. 
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shades  by  gradual  merging  of  character  and  each  break  or  interval 
terminates  in  wedge-like  form. 

In  this  Paleozoic  interior  basin  the  Mississippian  sea  of  Cambric  time 
advanced  slowly  from  the  southward  and  in  its  marginal  encroachment 
spread  out  the  great  basal  conglomerate  and  sandstone  series  that  is  so 
prominent  in  the  Upper  Mississippi  valley  and  the  Great  Lake  region, 
where  it  is  of  Upper  Cambric  to  Lower  Ordovicic  age.  With  successive 
oscillations  of  level,  and  accompanying  variation  in  character  and  supply 
of  sediment,  the  whole  series  accumulated.  They  are  largely  sandstones 
near  the  base  and  prevailingly  limestones  at  higher  levels  and  at  greater 
distances  from  shore;  but  almost  without  exception  the  margin  was 
everjrwhere  gravel  and  sand — a  continually  advancing  sheet  of  conglom- 
erate and  sandstone,  growing  yoimger  step  by  step  with  the  northward 
advance,  a  continuous  lithologic  formation,  but,  in  its  successive  stages,  of 
very  imlike  time  equivalence.     It  probably  ranged  from  lowest  Cambric 


FiQUBB  3. — Oeneralized  Sketch  illustrating  Relationship  of  interbedded  Sandstones  to 
great  Basal  Sandstone  Formation. 

in  the  southern  United  States  continuously  to  and  including  the  Saint 
Peter  of  the  Ordovicic  on  its  original  margins. 

With  each  recurring  period  of  elevation  of  the  land,  or  retreat  of  the 
sea,  or  excessive  waste  supply,  the  sands  crept  seaward  over  the  deeper  sea 
types  of  deposit;  and  with  each  subsidence  and  consequent  advance  of  the 
sea  the  sand  was  left  behind  as  a  continuous  bed,  to  be  covered  in  large 
part  by  other  sediments.  Naturally  enough  the  nearer  to  the  margin  of 
the  sea  a  locality  is  the  greater  prevalence  of  sand  is  to  be  noted  in  its 
series  of  formations,  and,  other  things  being  equal,  the  greater  the  number 
and  the  greater  the  thickness  of  the  interbedded  wedge-like  sandstone 
formations. 

The  Saint  Peter  is  the  fifth  and  last  one  of  these  sandstone  formations 
in  the  Upper  Mississippi  valley. 

Of  great  significance  is  the  comparative  thickness  of  the  involved 
formations  in  different  parts  of  tlie  region.  In  this  discussion  the 
formations  both  above  and  below  the  Saint  Peter  must  be  included. 
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Ulrich  and  Winchell*  correlate  the  300  to  400  feet  of  Stones  River 
limestones  and  shales  of  Kentucky  and  Tennessee  with  the  23  feet  of 
limestone  just  above  the  Saint  Peter  in  Minnesota,  remarking  that  the 
Minnesota  organic  forms  are  most  like  those  of  the  uppermost  member 
of  the  Stones  Biver  of  Kentucky. 

Part  of  the  Knox  dolomite  of  Tennessee  below  the  Stones  River  group 
is  also  credited  to  the  Ordovicic ;  how  much  should  be  is  not  known ;  but 
this  much  is  clear,  that  in  the  Kentucky-rTennessee  area  there  was  con- 
tinuous marine  deposition,  chiefly  of  a  limestone  charac^r,  amounting 
to  probably  1,000  or  1,500  feet,  during  the  time  from  the  close  of  the 
Cambric  to  the  end  of  Stones  River  time — a  period  marked  in  the  north- 
west by  the  deposition  of  75  to  150  feet  of  shaly  limestones  and  dolo- 
mites and  150  feet  of  sandstone,  within  which  there  is  at  least  one  break 
of  some  significance. 

Only  the  upper  representatives  of  the  Stones  River  group  also  are  to 
be  seen  in  western  New  York,  where  the  Lowville  overlaps  against  the 
earlier  formations,  as  noted  by  Ulrich. 

Broadheadf  calls  attention  to  the  interpolation  of  80  to  190  feet  of 
the  Missouri  survey's  "First  Magnesian'*  between  the  Saint  Peter  and  the 
"Trenton  limestone.'^  This  formation  does  not  appear  at  all  in  the 
northernmost  areas,  and,  while  the  underlying  magnesian  formation  has 
a  thickness  in  Missouri  of  150  to  230  feet,  in  Minnesota  or  Wisconsin  it 
seldom  reaches  75  feet.  It  appears  therefore  that  the  formations  thicken 
considerably  southward. 

The  Shakopee  below  the  Saint  Peter  is  correlated  with  the  Calciferous 
(Beekmantown)  of  New  York  by  Sardeson.t 

The  same  author  has  described  the  fos8il8§  found  in  the  Saint  Peter 

*  Geol.  and  Nat  HUt  Sarrey  of  Minnesota,  Final  Report,  toI.  Ill,  part  11,  Introdnctlon. 

f  Amertean  Geologist,  toI.  84,  no.  2,  Aognst,  1004. 

X  Bull.  Minn.  Acad.  Nat  Bel.,  vol.  It,  no  1,  p.  104. 

{|  There  are  marine  foeslls  In  the  upper  part  of  the  Saint  Peter  at  Saint  Paul,  Min- 
nesota. These  have  been  described  by  Sardeson  In  Bull.  Minn.  Aead.  of  Nat  Set.,  toI.  lU., 
no.  3,  and  toI.  It,  no.  1,  p.  70.  The  following  genera  are  represented:  OyprioardiUt, 
4  species ;  ModioU>p$i9,  6  species ;  TeUinomifa,  2  species ;  Holopw,  2  species ;  Murchi§imia, 
2  species ;  Ophileta,  Platyceriu,  and  PleurotomarUt,  1  species  each ;  Orihocenu,  3  species, 
and  one  species  each  of  Crania,  lAnguta,  OrthiB,  Ptylodiciya,  and  Rauftelia. 

There  were  found  at  this  place  28  species.  Although  nearly  all  described  as  new 
species,  they  are  as  a  whole  Tery  like  the  forms  occurring  In  the  OTerlylng  limestone. 
Other  localities  haTe  furnished  a  few  forms.  At  Rlpon,  Wisconsin,  In  transition  bedn, 
OrthoceroM  Is  found.  Except  fucoldal  markings  and  8coUthu§  Minn€90ten9i$  James,  there 
are  no  others  reported  from  Wisconsin. 

Wlnchell  reports  Scolithu^  from  Faribault  Minnesota,  probably  the  same  as  8.  Min- 
ne$oien9i$  James.  (The  Saint  Peter  Sandstone,  Cin.  Soc  Nat  Hist  Jour,  1804,  p.  184.) 
At  Fountain,  Minnesota,  In  transition  beds  to  Stones  River  aboTe,  not  In  typical  Saint 
Peter,  IAnQulep9i$  mortensiM  Wlnchell  and  an  OrthU  resembling  O.  testudinaria.  Piano- 
Utes  Is  also  reported  from  Minnesota. 

Meek  refers  to  a  MurchUonia  and  a  crlnold  column  from  Monteau  county,  Missouri ; 
Shumard  reports  a  SiraporoUus  and  a  OhamtUiMia  from  Osark  county,  Missouri,  and  an 
Orthoeera*  Is  recorded  from  Maries  county,  Missouri. 
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near  Saint  Paul,  Minnesota,  and  concludes  from  them  that  this  formation 
is  much  more  nearly  allied  to  the  overlying  Stones  River  than  to  Shakopee 
below.  This  is  in  accord  with  the  existence  of  a  break  between  the 
Shakopee  and  the  Saint  Peter,  indicated  both  by  the  unconformity  be- 
tween them  and  the  cessation  of  sedimentation  that  has  resulted  in  thin- 
ner beds  on  this  margin. 

Therefore  the  uppermost  Saint  Peter,  especially  in  its  northern  mar- 
gin, is  Stones  River  in  age ;  but  the  whole  formation  is  involved  in  a  re- 
treat and  advance  of  the  sea  over  the  area,  and  has,  as  is  usual  in  sand- 
stones, no  perfect  time  unity  in  its  whole  extent;  and  the  break,  except 
where  it  has  imprinted  erosion  features  on  the  underlying  Shakopee,  is 
swallowed  up  in  the  sands  of  the  deposit. 

A  few  columns  drawn  to  scale  (see  plate  24),  with  the  lines  of  the 
formations  indicated,  will  serve  to  better  show  the  relationship. 

Origin  suggested  by  Writers 

There  have  been  many  diflfereiit  theories  as  to  the  origin  of  the  Saint 
Peter  sands  and  their  present  purity.  Its  extreme  purity  and  great 
extent  seem  to  have  made  ordinary  sedimentation  processes  appear  in- 
snflScient  to  many  observers.  In  accord  with  tliis  idea,  several  early 
writers  have  suggested*  chemical  precipitation  as  a  probable  origin. 
Most  observers,  however,  have  agreed  to  the  mechanical  character  of  the 
deposit  and  have  suggested  a  variety  of  subordinate  agencies. 

James  Shaw,  in  the  geological  reports  of  Illinois,  at  one  time  advo- 
cated the  wind  as  the  effective  agent  in  producing  the  cross-lamination 
and  ripple-like  marks,  but  later  seems  to  have  abandoned  this  idea. 
Xorton  of  Iowa  also  suggests  the  wind  as  a  jii^obable  factor.  Owen  and 
many  others  seem  never  to  have  considered  any  modification  of  the  ordi- 
nary sedimentary  origin  necessary.  Sardeson,f  on  the  other  hand,  while 
maintaining  the  sedimentary  origin,  considers  the  unusual  purity  due 
chiefly  to  the  porosity  of  the  rock,  favoring  free  circulation  of  under- 
ground water  and  the  consequent  leaching  out  in  solution  of  all  con- 
stituents except  the  quartz  grains. 

Any  more  definite  statement  than  that  the  Saint  Peter  owes  its  exist- 
ence and  character  to  the  usual  processes  of  sedimentation  depends  for 
support  more  on  the  variability  of  character  than  upon  its  reputed  con- 


•  KeftUng,  Han  and  Whitney,  Wlnchell. 

t  Sardeson :   Bull.  Minn.  Acad.  Nat  Scl.,  vol.  It,  no.  1,  1896,  p.  86. 
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• 

Btancy.     The  views  of  the  writer  as  to  origin  are  necessarily  involved 
in  a  discussion  of  these  lines  of  evidence. 

Variability  of  the  Saint  Petkr 

variation  more  prominent  in  minor  details 

A  minute  study  makes  it  clear  that  the  reported  constancy  of  this 
formation  is  somewhat  overdrawn.  In  the  broader  characteristics  of 
sandstone  formations,  it  is  fairly  constant,  but  in  minor  detail  it  is  very 
variable,  and  these  usually  neglected  variations,  it  is  thought,  are  in  this 
case  a  key  to  the  bit  of  history  that  the  Saint  Peter  represents. 

THIOKNBBB 

This  formation  varies  in  thickness  from  a  mere  film,  a  layer  of  sand 
grains,  as  in  certain  cases  in  eastern  Wisconsin,  to  225  feet  in  Illinois.* 
It  occasionally  exhibits  a  range  of  from  1  foot  to  100  feet  within  so  short 
a  distance  as  a  quarter  of  a  mile.f 

This  rapid  change  is  described  as  due  to  the  undulating  magnesian 
limestone  floor.  The  normal  thickness  in  Iowa  is  about  100  feet,  and 
this  may  be  taken  as  a  fair  estimate  of  its  average  thickness  over  the 
greater  part  of  the  whole  region  of  its  distribution. 

PURITY 

Although  more  than  99  per  cent  pure  quartz  in  some  localities,  this 
condition  is  by  no  means  universal.  An  analysis  given  by  Hall  and 
Sardeson  shows  for  the  fossiliferous  rock  occurring  at  South  Saint  Paul :{ 

SlOa 99.75  per  cent 

FeaO, Trace 

MgO  Trace 

A  Minneapolis  sample  gave  98.50  per  cent  of  SiO,. 

The  saccharoidal  sandstone  (Saint  Peter)  of  eastern  Missouri,  in  the 
vicinity  of  Saint  Louis,  so  important  for  many  years  past  in  the  glass 
industry,  is  also  remarkably  pure.  It  is  given  as  more  than  99  per  cent 
8iO,. 

The  Saint  Peter,  however,  is  not  always  free  from  clastic  impurity. 
Hall  and  Sardeson  note  the  presence  of  fine  white  kaolin  in  the  Saint 
Anthony  area. 

•  Geological  Survey  of  IIUdoIs,  toI.  vll,  p.  49. 

t  T.  C.  Chamberlln :   Geology  of  Wisconsin,  vol.  II,  1887,  pp.  285-286. 

{Bull.  Geol.  Soc.  Am.,  vol.  8,  p.  861. 
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There  are  shale  intermixtures  at  Boone,  Iowa,  calcareous  and  shale 
intermixtures  in  Wisconsin,  and  iron  oxide  heavily  developed  in  a  few 
places.  The  formation  in  Missouri,  Indiana,  Ohio,  and  Kentucky  car- 
ries a  marked  percentage  of  lime  and  argillaceous  matter  in  contrast  with 
the  average  northern  outcrops. 

Specimens  at  hand  from  La  Salle  county,  Illinois,  show  a  considerable 
percentage  of  earthy  impurity,  while  one  from  Wisconsin,  probably  a 
transition  phase,  is  very  heavily  charged  with  carbonates,  though  on  the 
whole  the  Saint  Peter  is  a  remarkably  pure  sandstone  formation.  Its 
greatest  variability  is  marginal  and  throws  some  light  on  the  question  of 
origin  and  conditions  prevailing  during  its  accumulation.  This  variabil- 
ity, however,  is  markedly  different  along  opposite  margins — that  is,  the 
landward  as  opposed  to  the  seaward  side — and  is  well  within  the  range 
of  characters  in  every  respect  that  one  should  expect.  Thus  on  the 
northern  margin  there  are  developed  occasionally  breccias  and  marginal 
conglomerates  and  various  foreign  intermixtures,  while  far  south warl 
the  Saint  Peter  and  its  equivalents  become  shaly  sandstones,  calcareoub 
shales,  and  even  siliceous  limestones.* 

BINDING 

Throughout  most  of  its  extent  the  individual  grains  of  the  Saint  Peter 
have  almost  no  binding.  At  Minneapolis  a  freshly  exposed  fragment  may 
be  crushed  in  the  hand  or  its  grains  readily  rubbed  off  by  the  fingers, 
in  all  cases  exposure  increases  the  strength  of  the  bond,  so  that  occasion- 
ally it  has  been  made  use  of  in  light  structures.  In  Ogle  county,  Illi- 
nois,! it  is  recorded  that  the  outcrops,  although  apparently  of  so  friable 
material,  resist  weathering  with  great  success. 

Occasionally  in  other  localities  there  is  strong  lime  or  iron  oxide 
binding,  while  local  induration  to  a  quartzite  is  less  common.  A  sample 
from  Missouri  sent  by  the  kindness  of  Dr  E.  M.  Buckley  exhibits  sec- 
ondary growth  of  almost  every  grain,  the  pyi'amidal  faces  being  especially 
sharply  developed  and  occasionally  developing  almost  a  complete  doubly 
terminated  quartz  crystal;  yet  the  rock  is  not  well  cemented;  it  is  not 
much  more  firm  and  resistant  than  the  average  specimen. 

In  all  cases  there  is  either  a  striking  lack  of  cementation  or  if  well 
developed  it  is  extremely  local.     The  places  where  iron  oxide  is  infil- 


*  MmrglBAl  character  may  have  prevailed  also  In  Pennsylvania  and  West  Virginia,  as 
veil  as  along  some  continental  border  In  the  west,  but  If  so  the  type  of  rock  is  different 
and  Is  not  reeogniied  as  Saint  Peter. 

t  James  Shaw :  Geology  of  Illinois,  vol.  v,  p.  116. 
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trated  fumieh  some  firmly  bound  rock,  but  this  is  in  irregular  bands 
rather  than  a  general  constituent. 

8TRU0TUBB 

In  many  places  the  rock  is  massive,  with  but  faint  traces  of  bedding  or 
any  other  marking.  At  still  others  the  bedding  planes  are  strongly 
marked  and  the  beds  comparatively  thin,  passing  in  numerous  places 
into  shaly  facies.  Often  there  is  cross-bedding,  as  noted  particularly  in 
northern  Illinois,  with  ripple  marks  well  developed.  These  irregularities 
are  still  further  accentuated  by  color  streaking.  Variations  are  much 
more  notable  in  the  central  portion  of  the  Saint  Peter  area  than  on  its 
margins,  although  they  are  not  wholly  lacking  along  the  northern  margin. 
Chamberlin*  refers  to  structures  typical  of  ebb  and  flow  and  ripple  marks 
in  Wisconsin. 

Nearly  all  the  strong  coloring  described  in  the  Saint  Peter  is  confined 
to  structural  inequalities,  mostly  bedding  or  cross-bedding  lines.  In  so 
porous  a  rock  of  so  simple  composition  one  would  not  expect  enough 
selective  capacity  to  connect  the  color  streakings  with  late  infiltration. 
Even  .the  coloring  seems  to  point  back  to  the  conditions  under  which  tl  e 
rock  accumulated. 

Transition 

There  are  occasionally  brecciated  and  conglomeritic  Lower  Magnesian 
fragments  in  the  marginal  facies  of  the  rock  in  eastern  Wisconsin  auu 
northern  Michigan.  Uusually  the  transition  from  Magnesian  dolomite 
to  Saint  Peter  and  from  Saint  Peter  to  Stones  River  limestone  again  i> 
abrupt,  but  even  this  is  not  universal,  sand  mixed  with  calcareous  mattrr 
or  clay  mixed  with  the  sand  being  an  occasional  variation. 

The  overlying  limestones  and  shales  of  the  Stones  River  group  at  aii 
places  are  described  as  perfectly  comformable  to  the  Saint  Peter. 

Unconformity 

The  underlying  dolomite  and  the  succeeding  Saint  Peter  are  fre- 
quently unconformable.  '^I'his  condition  has  been  described  in  Michigan, 
Wisconsin,  Iowa,  and  Missouri,  where  occasionally  the  dolomite  floor  is 
very  uneven.  In  places  the  dolomite  floor  is  so  hummocky  as  to  project 
up  through  the  whole  thickness  of  the  Saint  Peter,  so  that  the  sandstone 
only  fills  the  hollows  and  valleys. 

In  generalizing  the  isolated  descriptions  it  appears  that  the  greater 

*  Geology  of  WisconBln,  toI.  1,  p.  146. 
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conformity  as  a  rule  obtains  at  the  greater  distance  from  the  continental 
land  margin  of  ancient  Lauren tia.  In  Missouri,  according  to  Winslow, 
there  is  an  unconformity  below  the  saccharoidal  sandstone,  now  correlated 
with  Saint  Peter,  and  erosion  valleys  have  been  described  there.* 

Throughout  the  greater  part  of  the  region  of  the  Saint  Peter  the  lower 
contact  is  not  within  surface  observation,  so  that,  even  if  unconformity 
were  general,  most  descriptions  would  necessarily  fail  to  note  it. 

In  a  few  isolated  areas  where  the  original  landward  margins  are  still 
preserved,  or  where  ancient  islands  project  through,  the  Saint  Peter 
seems  to  merge  into  the  Basal  sandstone,  Potsdam,  either  by  thinning 
out  of  the  Magnesian  series  or  by  its  destruction  and  overlap,  so  that  the 
break  is  swallowed  up  in  the  uniform  textured  sandstone  formation. 


FiGUBi  4. — Stratigraphic  Range  of  the  basal  Sandstone. 

This  generalised  sketch  Indicates  the  relationships  of  the  Saint  Peter  formation  to  the 
larger  groups  representing  deep-sea  deposits,  and  illustrating  the  conception  of  an  erosion 
interral  In  Saint  Peter  time. 

This  relationship  is  well  shown  and  fully  discussed  in  the  Geological 
Survey  reports  of  Wisconsin. 

When  the  evidence  of  unconfomiity  is  lacking  there  may  nevertheless 
have  been  dry  land  at  so  nearly  baselevel  position  that  erosional  forces 
were  largely  spent  upon  the  loose  mantle  of  shifting  sands  left  by  the 
outwash  of  the  retreated  sea.  Here  and  there  conditions  were  such  as 
to  permit  penetration  of  this  mantle  and  imprint  the  marks  of  an  erosion 
interval  on  the  undulating  Shakopee.  It  is  the  writer's  opinion  that  the 
Saint  Peter  sandstone  is  of  such  composition  as  to  permit  obliteration 
within  itself  of  all  marks  of  such  an  interval.  This  is  probably  true  of 
all  coarse  grained  or  very  pure  sandstone  formations.  Great  interbedded 
sandstones  as  a  type  doubtless  represent  periods  of  marked  oscillations  of 

*  If  iasourl  Geological  Surrey,  vol.  vl,  p.  357. 
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level,  with-  retreat  of  the  sea,  an  erosion  interval,  a  readvance  of  the  sea, 
each  with  its  characteristic  deposits.  Just  as  in  displacements  by  folding 
or  faulting,  such  disturbances  are  dissipated  by  ready  adjustments  among 
the  easily  shifted  grains,  so  that  occasionally  all  traces  of  the  movements 
are  wholly  obliterated,  so  in  like  manner  may  an  erosion  interval  be  swal- 
lowed up  and  almost  wholly  lost  in  the  shifting  and  worked  over  sands 
that  finally  constitute  the  formation.  It  may  easily  happen  that  sands 
spread  out  by  a  retreating  sea  should  be  wholly  worked  over  by  the  read- 
vance, and  yet,  on  a  very  uniform  surface,  leave  no  trace  except  a  rather 
abrupt  transition.  In  such  a  case  the  imderlying  bed  would  carry  most 
of  the  marks  preserved  at  all  and  might  exhibit  prominent  erosional  un- 
conformity in  limited  areas.  The  overlying  bed,  in  this  instance  the 
Stones  Biyer  limestone,  should  be  perfectly  conformable,  as  descriptions 
show  it  to  be  (see  figure  4)^ 

Breccias  are  developed  to  a  limited  extent  at  some  of  the  Saint  Peter- 
Shakopee  contacts,  according  to  the  records  of  both  the  Wisconsin  and 
the  Michigan  reports.  The  Magnesian  is  represented  as  wedging  out  in 
an  enveloping  upper  and  lower  sandstone  wherever  an  original  margin 
is  preserved. 

In  Michigan  this  edge  is  the  remnant  of  a  bed  partly  destroyed  by  the 
encroaching  Saint  Peter  sea,  as  at  one  time  interpreted  by  Rominger, 
and  beyond  its  present  margin  the  Saint  Peter  should  be  expected  to 
merge  into  the  Great  Basal  sandstone  ("Eastern  sandstone")  of  the 
region.  This  interpretation,  and  indeed  the  presence  of  Saint  Peter  in 
Michigan  at  all,  seems  to  have  been  regarded  with  doubt  by  many  writers ; 
yet  there  is  no  inconsistency  about  the  occurrence  in  any  respect,  and 
the  later  state  reports*  under  Doctor  Lane  add  to  the  Saint  Peter  data. 
It  is  probable  that  the  same  type  of  edge  was  developed  along  the  whole 
length  of  the  ancient  shoreline.  In  the  extensive  denudation  of  the  re- 
gion, however,  this,  together  with  all  later  deposits,  has  been  destroyed 
except  in  the  most  protected  localities. 

In  short,  it  is  held  that  in  the  case  of  the  Saint  Peter  evidence  gathered 
from  a  study  of  its  extent  as  well  as  its  contacts  and  transitions  is  in  sup- 
port of  a  considerable  erosion  interval. 

Source  of  Supply  op  Material 

The  Saint  Peter  sands  are  widely  and  rather  evenly  spread.  Consid- 
ering the  possible  sources  of  supply,  they  are  carried  to  surprising  dis- 
tances.    There  is  no  doubt  at  all  of  the  sedimentary  character  of  the 

*  Geological  Survey  of  Michigan,  Annual  Reports  for  1901  and  1903. 
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rock ;  but  for  such  a  deposit  all  the  sources  in  this  case  are  marginal,  ex- 
cept perhaps  locally  in  Missouri ;  and  of  all  the  margins  only  the  northern 
one  seems  to  fulfill  the  conditions  of  a  coastal  supply.  Along  this  nortli- 
era  coast  there  was  at  all  times  a  broad  and  thick  accumulation  of  sands 
from  the  waste  of  the  continent.  It  lapped  against  the  retreating  shore 
in  such  position  and  in  such  condition  that  any  considerable  diastrophic 
movement  elevating  the  land  would  subject  great  quantities  of  this  loose 
material  to  the  outwash  of  the  sea  and  other  transporting  agencies.  Any 
differential  movement  along  this  region  might  also  subject  underlying 
strata  to  erosion  along  the  margin  to  the  extent  of  destroying  them«  as 
is  represented  by  Bominger  in  northern  Michigan.  Likewise  any  oro- 
graphic movement  or  displacement  by  faulting,  resulting  in  the  elevation 
of  any  considerable  portion  of  the  subcoastal  margin^  would  still  further 
augment  the  supply  of  these  sands  for  seaward  transportation. 

In  this  connection  it  is  recalled  that  there  is  extensive  displacement  by 
faulting  within  the  area  of  the  basal  sandstones — Eastern  and  Western 
sandstones — of  the  Lake  Superior  margin.  These  movements  were  at 
least  subsequent  to  the  deposition  of  the  chief  mass  of  these  formations, 
since  the  beds  still  remaining  are  much  affected  along  this  fault  zone.* 

It  is  not  clear  what  time  this  faulting  took  place^  but  certain  field  rela- 
tionships suggest  that  the  displacement  may  have  begun  before  the  Lake 
Superior  sandstones,  as  we  now  have  them,  were  completed.  At  any 
rate,  the  raised  blocks  must  have  been  capable  of  furnishing  considerable 
excess  of  sand  over  regular  erosion  sources  and  must  have  resulted  in 
some  extension  of  tlie  sand  sediments  seaward.  The  Saint  Peter  is  the 
last  of  these  sand  extensions  and  certainly  owes  its  existence  to  one  or 
another  of  these  dynamic  factors,  perhaps  to  all  of  them. 

In  the  areas  of  no  faulting  in  eastern  Wisconsin  the  "Potsdam"  thins 
out  northeastward,  according  to  the  Wisconsin  geologists,  not  by  general 
thinning  of  all  the  beds,  but  by  suppression  of  the  lower  members.  It  is 
worth  while  to  note  that  this  would  not  be  true  under  normal  conditions, 
except  so  far  as  overlap  prevailed,  and  in  case  of  retreat  and  advance  with 
destruction  of  underlying  beds. 

To  this  phase  of  the  problem  the  present  condition  of  the  underlying 
Shakopee  dolomite  adds  evidence.  The  Saint  Peter  lies  on  the  billowy 
surface  of  the  Magnesian  limestone,  filling  up  its  troughs  and  in  most 
cases  surmounting  its  prominences.  In  given  instances  54  and  82  and 
100  feet  of  sandstone  was  observed  in  these  troughs,  while  adjacent  knolls 
of  magnesian  dolomite  had  scarcely  more  than  a  film  of  sand  to  mark 


*V,  S.  Grant:    BuUetln  vl,  Geol.  Surrey,  WlBConsln,  p.  17. 
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the  separation*  of  this  formation  from  the  overlying  Trenton  (Stonej» 
River).  This  irregularity  is  greatest  from  Dodge  county  northward. 
In  Missouri  an  inequality  of  this  type  is  credited  to  actual  stream 
erosion. 

Few  localities  exhibit  the  Shakopee-Saint  Peter  contact  well  enough 
to  furnish  reliable  data  for  most  of  the  field.  Hall  and  Sardeson  have 
described  this  contact  in  Minnesota,  also  as  uneven  as  a  rule,  but  have 
considered  it  chiefly  due  to  folding^f  which  dies  out  upward  in  the  Saint 
Peter.  The  overlying  Trenton  (Stones  lliver)  is  not  affected.  It 
seems  well  supported  then,  by  combining  the  observations  of  all  these  men 
in  their  particular  fields,  that  Saint  Peter  time  was  one  of  some  consider- 
able dynamic  disturbance,  that  it  resulted  in  both  folding  and  faulting 
of  the  preceding  series  locally,  and,  in  the  region  as  a  whole,  was  accom- 
panied by  diastrophic  movements  by  which  much  of  the  Upper  Mississippi 
valley  and  Great  Lake  regions  became  dry  land  for  a  part  of  the  time. 

Some  characters  of  the  formation  (noted  briefly  under  the  heading  of 
"Variability  of  the  Saint  Peter")  bear  on  this  problem  and  suggest 
further  modification  of  the  general  interpretation. 

Structitral  Character  and  Texture 

A  study  of  the  texture  of  the  Saint  Peter  made  on  specimens^  gathered 
from  loc^alities  of  wide  areal  range  furnishes  a  few  suggestive  facts. 

Microscopic  examination  shows  that  in  typical  Saint  Peter  there  is  a 
total  absence  of  large  grains  that  are  usually  classed  as  gravel,  and  almost 
as  complete  absence  of  extremely  fine  grains,  such  as  fall  within  the 
class  of  dust.  In  this  respect  there  is  no  very  marked  difference  among 
the  various  samples.  The  sands  from  Ija  Salle,  Illinois,  and  one  sample 
from  Wisconsin  show  most  impurity. 

The  range  of  sizes  runs  from  1  millimeter  down  to  .01  millimeter  in 
a  few  cases,  but  the  bulk  of  the  rock  is  made  up  of  grains  from  .4  milli- 
meter to  .05  millimeter  in  diameter. 

The  diameter  of  grains  in  samples  examined  from  typical  localities 
range  prevailingly  from  .05  millimeter  to  .6  millimeter,  an  average  for 
by  far  the  greatest  numl)er  of  grains  being  from  .1  to  .2  millimeter. 
So  far  as  different  parts  of  the  area  or  different  horizons  in  the  formation 
have  been  subjected  to  scrutiny,  tliere  is  not  any  great  variation.  Hall 
and  Sardeson,  however,  note  that  there  is  considerable  diversity  of  texture 


•  Geology  of  WlBconain,  vol.  II,  1877,  pp.  286-286. 

I  Bull.  Geol.  Soc  Am.,  vol.  3,  p.  853. 

t  For  moat  of  this  material  I  am  indebted  to  Dr  B.  M.  Buckley,  of  MlMourl ;  Superln- 
tendent  Thomas  J.  McCormick,  of  La  Salle,  Illinois ;  Professor  Ira  A.  Williams,  of  Ames, 
Iowa,  and  Professor  C.  K.  Leith,  of  Wisconsin. 
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ia  Minnesota,  Olmstead,  and  Fillmore  counties,  in  the  southern  part  of 
the  state,  exhibiting  much  coarser  grain  than  the  Minneapolis-Saint  Paul 
area.  They  also  remark  a  noticeably  coarser  development  at  the  base* 
of  the  formation  at  Cannon  Falls  and  Xorthfield. 

Under  the  microscope,  grains  from  the  Saint  Paul  area  vary  from 
.05  to  2  millimeters  in  diameter.  Of  these  the  larger  grains  are  ail 
much  worn  and  as  a  rule  very  perfectly  rounded,  while  the  smallcj*, 
.1  millimeter  and  less,  are  strikingly  more  angular.  This  same  relation- 
ship is  shown  by  the  samples  from  Missouri,  where,  however,  the  grains 
range  as  high  as  .6  millimeter  in  diameter  and  a  greater  proportion  of 
them  are  well  rounded.  The  Illinois  rock  is  described  as  composedf  of 
very  uniform  small  round  grains,  as  seen  imder  the  microscope.  Speci- 
mens examined  from  La  Salle  county  show  more  than  the  average  im- 
purity of  iron  and  clay  and  fine  matter. 

Southern  Wisconsin  has  a  similar  record.  In  Michigan  the  narrow 
strip  through  the  upper  peninsula  that  has  been  correlated  with  this 
formation  J  is  made  up  of  the  grains  that  are  described  as  angular  and 
associated  in  places  with  fragments  of  the  preceding  and  destroyed  edge  of 
the  magnesian. 

Two  samples  from  Iowa  sent  by  Ira  A.  Williams,  of  Iowa  State  Col- 
lege, show  the  greatest  range  of  any  received.  Both  are  from  the  eastern 
border  of  the  state.  In  one  the  grains  are  nearly  all  large,  some  exceed- 
ing 1  millimeter,  and  all  are  rounded  and  beautifully  pitted.  The  other 
is  very  fine  grained,  chiefly  .05  to  .1  millimeter  in  diameter,  and  also 
well  worn.     Both  are  very  pure. 

Only  the  larger  grains  in  most  of  the  samples  are  well  rounded.  Thoao 
of  .1  millimeter  and  over  are  ail  much  worn.  Commonly  the  smaller 
grains,  .05  millimeter  and  less  in  diameter,  are  strikingly  more  angular. 
In  only  one  case,  an  Iowa  sample  of  very  fine  grain,  are  ail  grains  worn. 
In  one  sample  from  Missouri,  although  the  grains  show  marked  second- 
ary enlargement,  the  original  character  does  not  depart  from  the  average 
type. 

The  worn  grains  in  all  the  samples  are  beautifully  pitted  in  the  manner 
so  often  seen  on  wind-worn  fragments.  The  agreement  of  the  textural 
character  of  this  rock  with  the  requirements  of  a  Mind  transported  de- 
posit is  at  once  apparent.  Every  grain  yet  observed  by  the  writer  from 
this  formation  falls  within  the  range  of  wind  competence.  According 
to  the  researches  of  J.  A.  Udden,  grains  comparable  to  those  of  largest 


•  Bnll.  Qeol.  Soc.  Am.,  vol.  8,  p.  361. 

t  Oeological  Survey  of  lUlnolB,  vol.  v,  p.  116. 

{Geology  of  Michigan,  vo..  I,  pt.  ill,  pp.  56,  64,  72. 
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size  in  the  Saint  Peter,  those  most  rounded,  as  noted  above,  would  not 
be  picked  up  and  carried  ifar  by  the  wind,  but  could  easily  be  rolled  along 
the  ground.  The  smaller  sizes  abundant  in  the  rock  fall  within  tho 
lifting  capacity  of  the  wind  and  might  be  carried  long  distances.*  Thc^se 
smaller  sizes  are  prevailingly  less  worn  and  more  angular  than  the  larger 
sizes,  and  this  again  is  consistent  with  such  agency.  Of  all  agents  of 
transportation,  wind  is  the  best  assorter.  From  a  given  supply  of  ftand 
of  reasonable  areal  limits  the  wind  is  able  to  remove  the  finer  dust  very 
perfectly.  The  finest  and  the  coarsest  particles  are  widely  separatotl. 
If,  therefore,  the  supply  area  is  not  so  large  as  to  outreach  the  assorting 
competence  of  prevailing  winds,  and  if  the  winds  involved  are  not  so 
changeable  as  to  undo  one  day  what  may  have  been  accomplished  on  the 
previous  one,  the  result  is  sure  to  be  a  perfectly  cleaned  sand. 

Conclusions  as  to  Origin 

The  writer  is  well  aware  of  the  incompleteness  of  an  argument  of  this 
kind.  To  find  that  certain  phenomena  are  consistent  with  a  certain 
explanation  is  far  from  proving  its  correctness ;  but,  in  view  of  the  diffi- 
culty acknowledged  by  M'orkers  in  the  Saint  Peter,  it  is  at  least  worth 
noting  that  wind  agency  will  account  for  the  purity  and  textural  character 
of  this  formation  under  very  reasonable  conditions. 

The  surface  over  which  the  Saint  Peter  sands  were  deposited  was  ap- 
parently very  uniform.  If  it  had  departed  far  from  a  low-lying  plain, 
we  should  doubtless  have  many  marks  of  it  in  erosion  forms  characteristic 
of  such  elevation.  On  that  plain,  on  its  retreat,  the  sea  spread  great 
quantities  of  sand  and  left  the  marginal  supply  (Basal  sandstone  mar- 
gin) exposed  to  all  the  transporting  agencies.  This  the  wind  began  to 
carry  as  dune  sands  along  the  shore.  Into  these  sands  the  rivers  sank 
as  they  coursed  toward  the  retreating  sea,  accomplishing  little  in  erosion. 
At  the  maximum  retreat  of  the  sea,  it  is  the  writer's  belief  that  the  Saint 
Peter  sands  presented  the  aspect  of  a  shifting-sand  plain,  perhaps  akin 
to  a  desert  in  this  one  feature  at  least,  though  not  necessarily  arid ;  so 
the  sands  were  washed  out  by  the  retreat  of  the  sea  and  thereby  assorted, 
then  worked  many  times  over  by  the  wind  in  the  absence  of  the  sea,  and 
thereby  still  more  perfectly  assorted,  and  finally,  in  the  readvance  of  the 
sea,  much  of  it  was  again  worked  over  a  last  time,  thereby  reaching  its 
present  remarkable  condition  of  purity. 

The  Saint  Peter  therefore  owes  its  constancy  of  grain  and  its  purity 

*  J.  A.  TMden :  The  mechanical  composition  of  wind  deposits.  Auguatana  Library 
Publicationa.  No.  1,  1808. 
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of  composition^  in  the  writer's  opinion,  not  to  chemical  precipitation 
of  the  rock,  not  to  subsequent  leaching,  but  rather  to  the  unusual  com- 
pleteness of  the  assorting  process  accomplished  by  wind  and  water  on  a 
sand  largely  derived  from  a  previous  sandstone  formation.  The  marks 
of  water  action  and  sedimentation  are  too  numerous  to  admit  the  chem- 
ical theor}'  for  an  instant.  As  for  subsequent  removal  by  leaching,  the 
results  are  too  capricious  for  so  general  a  cause.  It  has  not  removed  the 
color  stains  that  so  commonly  emphasize  the  structural  features.  It  is 
impossible  that  nearly  all  the  mineral  dust,  even  that  of  the  quartz  type, 
sliould  be  removed  by  such  agency  and  yet  not  attack  the  larger  grains, 
even  enough  to  destroy  their  wind-worn  finish  or  the  stains  they  carry. 
Such  carbonate  matter  as  accumulated  in  the  sands  haH  been  i^moved 
largely,  it  is  true,  but  there  is  no  evidence  of  any  considerable  quantity 
of  it  ever  having  been  present.  For  the  removal  of  siliceous  matter  there 
is  no  evidence. 

That  the  Saint  Peter  sandstone  was  deposited  in  water  and  preserves 
chiefly  such  structures  as  are  common  to  sediments  is  certain;  that  its 
grains  fall  within  the  range  of  wind  transportation  and  show  character- 
istic wind-worn  surfaces  is  equally  clear ;  that  the  formation  relationships 
argue  an  extensive  retreat  of  the  sea  and  an  erosion  interval  is  well  sup- 
ported— these  factors  alone  are  sufficient  to  account  for  all  the  peculiar- 
ities and  remarkable  characters  of  the  Saint  Peter,  without  any  special 
agency. 

Physiographic  Changes 

A  reasonable  interpretation  of  the  foregoing  facts  and  observations 
suggests  the  following  outline  of  the  physiographic  changes  of  the  time: 

1.  Just  preceding  the  Saint  Peter  epoch  the  sea  stood  far  in  on  the 
continental  areas  represented  by  Laurentia  at  the  north  and  Appalachia 
at  the  ^ast.  These  were  connected  by  an  isthmus  occupying  the  position 
of  the  Frontenac  axis.  To  the  eastward  lay  the  Atlantic  ocean  and  the 
gulf  of  Maine,  in  which  the  typical  Beokmantown  sediments  were  already 
accumulating.  To  the  westward,  in  the  great  Mississippian  sea,  dolo- 
mites and  limestones  of  the  Magnesian  series  and  their  equivalents  were 
being  deposited. 

2.  With  a  reversal  of  epeirogenic  movement  the  sea  began  to  retreat. 
There  were  some  marginal  disturbances,  perhaps  both  folding  and  fault- 
ing, by  which  arose  subsequently  some  structural  unconformity  and 
through  which  possibly  extra  supplies  of  sands  were  made  available. 

3.  At  maximum  retreat,  judged  by  the  distances  to  which  heavy  sands 
were  carried,  the  whole  upper  Mississippi  valley  became  dry  land;  it 
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became  a  waste  of  drifting  sands;  but  a  deep  bay  extended  northward  to 
the  southern  boundary  of  New  York,  as  appears  from  records  of  undis- 
turbed sedimentation  in  Center  county,  Pennsylvania. 

4.  A  readvance  of  the  sea  northward  to  the  vicinity  of  its  original 
position  followed.  In  this  movement  the  sands  that  had  been  dragged 
out  by  the  retreating  sea  and  carried  out  by  streams  or  transported  in 
large  part  by  winds  were  worked  over,  given  their  characteristic  struc- 
tures, and  such  fossils  as  belong  to  the  formation  were  buried  in  them. 
The  natural  break  representing  the  time  interval,  that  would  have  been 
p^eper^'ed  in  ahnost  any  other  type  of  rock,  is  largely  obliterated.     With 


FiGi'UE   o. — Continental   Outline   at   maximum    Retreat    of   the   Seas   in    mid^Saint 

Peter   Time. 

the  oscillation,  except  locally  along  the  margin,  there  is  no  evidence  of 
imconformity  of  angle  on  a  large  scale.  It  appears  also  that  in  most 
Iwalities  the  sea  must  have  worked  over  almost  the  whole  sand  mantle, 
while  in  others  the  diflference  above  and  below  the  chief  zone  of  disturlv- 
ancc  may  be  the  foundation  for  the  occasional  suggestion  that  has  been 
made  to  divide  the  formation  into  an  upper  and  a  lower  Saint  Peter. 
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At  the  close  of  the  whole  revolution  the  continental  land  outlines  dif- 
fered very  little  from  those  immediately  preceding  the  Saint  Peter  epoch. 


Paleooeooraphic  Charts 

Following  out  the  conclusions  involved  in  the  foregoing  discussion,  the 
accompanying  physiographic  charts  are  presented  (see  figures  5  and  6). 
They  are  an  attempt  to  indicate  the  land  and  sea  distribution  for  the 
Mississippi  valley  in  Saint  Peter  time.     The  lines  drawn  are  general- 


FiGUBE  0. — Continental  Outline  near  cloae  of  Saint  Peter  Time. 

izations  and  do  not  aim  at  local  precision.  It  is  intended  to  be  under- 
stood that  a  maximum  land  area  existed  in  mid-Saint  Peter  time, 
followed  by  a  rapid  encroachment  of  the  sea  to  a  coastline  very  like  its 
pre-Saint  Peter  position. 

The  maximum  retreat  is  drawn  arbitrarily  as  interpretiujg  the  change 
of  character  of  sediments  from  offshore  to  deep-sea  types.  In  the  absence 
of  data  northward  beyond  tlie  present  limits  of  the  formations  involved. 
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maximum  advance  margins  are  held  near  the  existing  known  outcrops  on 
the  thin  edges  of  equivalent  beds. 

Summary 

Such  facts  as  are  known  about  the  Saint  Peter  sandstone  have  been 
considered  by  the  writer  in  support  of  the  following  general  statements : 

The  Saint  Peter  sandstone  is  a  mechanical  sediment. 

The  sands  were  derived  in  large  part  from  the  upturned  edges  of  pre- 
ceding beds  of  sandstone  and  quartzites  bordering  the  continental  areas^ 
and  from  the  Basal  Sandstone  formation  in  particular,  under  conditions 
that  made  this  an  easy  and  abundant  supply.  The  use  of  an  already 
assorted  material*  is  one  step  in  the  production  of  its  unusual  characters. 

The  purity  of  the  formation,  tlio  rounded  and  uniform  size  of  grain, 
and  its  wide  distribution  over  such  a  flat  area  indicate  some  agency  of 
extraordinary  sorting  efficiency  and  transporting  capacity.  This  is  cred- 
ited to  the  winds.  The  folded  and  faulted  character  locally  of  the  under- 
lying Shakopee  with  no  effect  on  the  overlying  Stones  River  beds  point 
to  dynamic  disturbances  that  occupied  the  Saint  Peter  epoch  and  ceased 
at  its  close.  Erosional  unconfonnity  between  the  Saint  I'eter  and  the 
Shakopee  indicates  that  the  same  time  was  marked  by  a  retreat  of  the 
sea.  The  widespread  formation  with  uniform  characters  suggests  a 
withdrawal  of  the  sea  from  a  very  large  area  in  the  upper  Mississippi 
valley. 

As  a  conseciuencc,  there  was  continuous  deposition  in  the  south  and 
interrupted  sedimentation  in  the  north.  The  Saint  Peter  sandstone  is 
stratigra-phically  a  wedge  including  within  it^^elf  a  wedge-like  break.  In 
age  the  thin  southern  edge  is  younger  than  the  lower  beds  and  older  than 
the  highest  beds,  as  they  appear  in  the  northern  areas.  The  Saint  Peter 
therefore  should  be  found  to  overlap  the  Magnesian  series  seaward,  but 
in  turn  should  be  itself  overlapped  by  the  limestones  and  shales  of  the 
Stones  River  group  in  its  succeeding  development  landward.  In  certain 
localities  it  may  be  possible  to  diyide.Jhe  formation  into  an  upper  and  a 
lower  Saint  Peter. 
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Introduction 


For  the  last  ten  years,  during  which  the  survey  of  the  San  Juan  region 
of  Colorado  has  been  in  progress,  evidence  has  been  accumulating  showing 
that  in  all  probability  the  mountains  have  been  subject  to  more  than  one 
period  of  glaciation  during  Pleistocene  time.  The  fact  of  more  than  one 
stage  of  glaciation  in  the  Rocky  Mountain  region  was  established  by 
Salisbury  and  Blackwelderf  in  1902  through  observations  made  in  the 

*  Published  by  permlsiiloD  of  tbe  Director  of  the  U.  S.  Geological  Survey, 
t  R.    D.    Salisbury    and    Eliot   Black  welder :    Glaciation    in    the    Bighorn    mountains. 
Jouraal  of  Geology,  vol.  xi.  1003.  pp.  216-223. 
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Bighorn  mountains,  Wyoming,  ifore  recently,  Capps  and  lieffingw'ell  * 
have  drawn  similar  conclusions  from  studies  in  the  Arkansas  valley,  in 
Colorado. 

Evidence  of  the  last  stage  of  glaciation  is  obvious  in  the  San  Juan 
mountains,  and  abundant  proofs  have  been  found  throughout  the  region 
examined  that  the  ice  disappeared  in  relatively  recent  times.f  What  may 
be  traces  of  an  earlier  stage  have  been  observed  at  a  number  of  localities, 
but  until  lately  satisfactory  evidence  in  this  connection  has  been  lacking. 
In  the  course  of  the  regular  field  work  of  the  U.  8.  Geological  Survey  in 
the  Ouray  quadrangle  on  the  northern  side  of  the  San  Juan  mountains,  in 
the  summer  of  1904,  this  evidence  was  found  in  the  Uncompahgre  valley, 
and  during  the  field  season  of  1905  further  data  were  obtained  in 
adjacent  regions. 

In  presenting  the  results  of  these  recent  observations,  the  whole  subject 
of  glaciation  in  the  San  Juan  province  must  necessarily  be  considered. 
The  character  and  extent  of  the  last  stage  of  glaciation  have  been  de- 
scribed in  several  published  reports  of  the  Survey,  including  the  Telluride, 
La  Plata,  Silverton,  Needle  Mountains,  and  Rico  folios,  and  a  special 
report  on  the  geology  of  the  Rico  mountains,  J  to  which  reference  should 
be  made  for  details  omitted  in  this  paper,  the  primary  purpose  of  which 
is  to  present  the  recently  observed  facts  and  to  discuss  their  significance 
in  relation  to  the  phenomena  observed  in  other  parts  of  the  San  Juan 
mountains. 

The  last  Stage  op  Glaciation 

character  and  extent 

The  topography  of  the  higher  San  Juan  mountains  everywhere  shows 
the  influence  of  glacial  erosion,  yet  the  amount  of  this  erosion  was  slight, 
merely  producing  a  modification  of  the  earlier  topography.  Many  of  the 
•  larger  valleys  are  U-shaped.  In  the  pre-Cambrian  areas,  especially  in  the 
upper  Animas  valley,  roches  moutonn^s  are  well  preserved,  and  in  the 
higher  mountains  the  majority  of  the  streams  rise  in  typical  glacial 
cirques.  The  glaciers  which  accomplished  this  modification  were  of  the 
valley  type,  supplied  by  the  snow  fields  in  the  many  cirques  at  their  heads, 
but  no  evidence  has  been  found  of  an  ice  sheet  or  cap  covering  the  whole 

^  8.  R.  Cappfl  and  E.  D.  I^efflngweH  :  Pleistocene  geology  of  the  Sawatch  range,  near 
Leadvllle,  Colorado.     Journal  of  Geology,  vol.  xU,  1904,  pp.  ^7-706. 

t  R.  C.  Hills :  Extinct  glaciers  of  the  San  Juan  monntaios,  Colorado.  Proc.  Colorado 
Sd.  Soc.,  vol.  1,  pp.  39-46. 

G.  H.  Stone :  The  Las  Animas  glaciers.    Journal  of  Geology,  vol.  I.  1893,  pp.  471-475. 

t  Whitman  Cross  and  A.  C.  Spencer:  Geology  of  the  Rico  mountains.  Colorado.  21st 
Ann.  Rept.  U.  S.  Geol.  Survey,  part  U,  1000.  pp.  7-165. 
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region,  although  in  a  few  favored  localities  in  the  very  high  mountains 
great  n^v6  fields  existed,  as  in  the  area  known  as  American  flat,  at  the 


KitiUUK  1. — Druinage  Map  uf  the  San  Juan  Rvgion. 

head  of  Henson  creek,  and  on  the  Continental  divide  between  the  sources 
of  the  Rio  Grande  and  tributaries  of  the  Animas  and  other  streams  be- 
longing to  the  drainage  of  the  San  Juan  river.     At  many  points  inter- 
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mediate  between  the  proximal  and  distal  extremities  of  the  valley  glaciers, 
corrie  or  cliff  glaciers  occurred,  some  of  which,  together  with  those  in  the 
more  sheltered  cirques,  continued  to  exist  until  very  recent  times. 
Evidence  for  this  is  found  in  the  great  freshness  of  tlieir  small  moraines 
and  the  bareness  of  the  cirque  floors.  In  fact,  ice  was  seen  by  Cross  in 
1895  in  the  large  cirque  called  "The  Great  Amphitheater"  on  the  Hayden 
map,  which  lies  west  of  Mount  Sneffels,  at  the  head  of  a  fork  of  Dallas 
creek.  The  ice  occurred  at  the  base  of  the  high  precipitous  southern  wall 
of  the  basin,  a  little  east  of  Dallas  peak.  Although  the  ice  had  the  ap- 
pearance of  a  great  snowbank,  it  was  crevassed  and  of  a  characteristic 
green  color. 

The  extent  of  the  glaciers  occupying  such  large  valleys  as  the  .Animas 
and  Uncompahgre  is  well  shown  by  their  terminal  moraines,  which  lie 
just  within  the  zone  of  foothills  bordering  the  higher  mountains.  Xo 
glaciers  belonging  to  this  last  stage  extended  as  far  as  the  region  of  low 
relief  generally  known  as  the  plateau  country.  The  length  of  the  Animas 
glacier  was  nearly  50  miles,  of  the  Uncompahgre  not  more  than  18  or  20. 
The  absence  of  all  terminal  moraines  in  the  foothill  zone  and  the  relative 
abundance  of  drift  higher  up  many  of  the  somewhat  smaller  valleys  would 
seem  to  indicate  that  they  contained  ice  streams  that  never  extended 
beyond  the  region  of  the  higher  mountains.  The  Vallecito  glacier,  which  ' 
occupied  the  valley  of  that  name,  joining  Pine  river  in  the  southern  foot- 
hills, belonged  to  this  class,  more  characteristic  of  the  south  than  the 
north  side  of  the  San  Juan. 

TERMINAL  MORAISES  OF  THE  LAST  STAGE 

Through  the  borderland  of  the  San  Juan  an  abundance  of  drift  testifies 
to  the  extensive  glaciation  to  which  the  region  has  been  subjected.  A 
great  part  of  this  drift  is  relatively  youthful,  as  shown  by  the  fresh  con- 
dition of  the  boulders  and  the  insignificant  modification  to  which  the  form 
of  the  morainal  deposits  has  been  subjected. 

The  great  terminal  moraine  of  the  Uncompahgre  glacier  crosses  the 
valley  just  south  of  the  point  where  Dallas  creek  enters  and  close  to  the 
town  of  Ridgway,  about  18  miles  from  the  head  of  the  river  (figure  2)  : 
it  is  400  feet  high  in  places  and  more  than  2  miles  long,  with  an  average 
width  of  one  mile;  it  has  relatively  steep  upstream  faces  and  gentler 
slopes  down  stream.  Its  surface  is  uneven  and  hummocked  and  contains 
numerous  depressions  or  kettle-holes.  The  moraine  is  cut  through  about 
in  the  middle  by  the  Uncompahgre  river,  and  exposures  along  the  stream 
show  the  typical  morainal  character  of  the  material,  which  consists  of 
subangular  and  striated  })oulders  and  unstratified  gravel  and  fine  sand. 
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representing  all  of  the  rocks  known  to  occur  in  the  upper  Uncompahgre 
and  its  trihntaries. 


FiouBE  2. — Sketch  Map  of  the  Uncompahgre  Valley. 

The  only  terminal  moraines  deposited  by  the  long  Animas  glacier  are 
the  two  low,  parallel  gravel  ridges  crossing  the  valley  at  Animas  City  one 
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mile  above  Durango  and  12  miles  below  the  mouth  of  the  canyon  proper. 
Plates  30  and  31  represent  these  moraines  in  their  relation  to  the  gravel 
terraces  to  be  mentioned  in  another  paragraph.  The  crests  of  these 
moraines  are  not  much  more  than  100  feet  above  the  river,  and  are 
separated  by  a  shallow  depression.  The  Animas  has  cut  a  channel  through 
the  moraines  on  the  extreme  western  side  of  the  bottom  land. 

It  seems  remarkable  that  so  large  a  glacier  as  the  Animas,  and  one 
more  than  twice  as  long  as  that  occupying  the  Uncompahgre  valley, 
should  have  left  so  small  a  terminal  moraine.  A  reason  for  this  is  given 
in  a  later  paragraph. 

The  most  extensive  recent  glaciation  on  the  western  side  of  the  San 
Juan  was  in  the  various  branches  of  the  San  Miguel  river,  within  the 
Telluride  quadrangle.  While  there  are  in  this  region  many  typical 
glacial  cirques  and  evidence  of  ice-streams  in  the  deeper  valleys  is  abun- 
dant, there  are  no  extensive  unmodified  niorainal  deposits  corresponding 
to  those  of  the  Animas  and  Uncompahgre  valleys.  The  principal  boulder 
and  gravel  masses  exhibit  marked  water  action.  About  Trout  lake,  on 
the  South  or  Tjake  fork  of  the  San  Miguel,  there  is  much  morainal 
material,  a  part  of  which  has  been  greatly  disturbed  by  landslides.  Some 
discussion  of  the  water-worn  and  water-sorted  gravels  of  the  glacial  stage 
is  given  in  the  Telluride  folio. 

LATERAL  MORAINES 

The  lateral  moraines  of  the  glaciers  described  are,  as  a  rule,  not  con- 
spicuous features  of  the  topography.  They  are,  perhaps,  more  prominent 
in  the  Animas  valley  than  in  the  Uncompahgre,  and  this  fact  may 
account  in  part  for  the  smaller  size  of  the  Animas  moraine,  a  greater 
relative  portion  of  the  glacier^s  load  having  been  deposited  on  the  valley 
sides  than  was  the  case  with  the  Uncompahgre  glacier.  In  this  connection 
may  be  mentioned  the  distributary  stream  from  the  Animas  glacier,  which 
crossed  the  low  divide  on  the  western  side  at  the  head  of  the  East 
fork  of  Hermosa  creek  and  descended  that  valley  for  6  miles,  depositing 
notable  moraines  in  the  neighborhood  of  Hermosa  park.  In  this  way  the 
greater  part  of  the  load  supplied  to  the  Animas  glacier  by  the  tributary 
from  Cascade  creek  was  diverted  from  Animas  valley. 

Pronounced  lateral  moraines  occur  intermittently  on  both  sides  of 
Animas  valley  from  the  terminal  moraine  to  points  overlooking  the 
canyon  of  the  Animas  above  Canyon  creek  on  the  east  and  on  the  slopes 
of  Engineer  mountain  on  the  west.  North  of  these  points  considerable 
drift  occurs,  but  it  is  more  in  the  nature  of  terminal  moraine  left  by  small 
tributary  glaciers  of  the  Animas,   while  some   may   represent  ground 
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moraine  of  the  Animas  glacier  itself.  The  lateral  moraines  occur  as 
•  elongate  mounds  parallel  to  the  main  direction  of  the  valley  and  rest  on 
the  hillsides  at  elevations  from  1,000  to  nearly  2,000  feet  above  the  valley 
near  Roclnvood,  but  with  gradually  lower  elevations  southward.  They 
seldom  rise  as  much  as  60  feet  above  the  surface  of  the  slopes  on  which 
they  rest.  The  glacier  seems  nowhere  to  have  carved  benches  in  the  side^ 
of  the  valley.  Two  lakes  or  depressions  have  been  formed,  one  on  each 
side  of  the  valley,  by  the  damming  of  gulches  by  lateral  moraines.  The 
rims  of  these  basins  are  1,600  or  1,900  feet  above  the  present  bed  of  the 
river,  the  highest  being  on  the  west  side  some  2  miles  below  Rockwood. 

Corresponding  lateral  moraines  occur  on  the  sides  of  Uncompahgre 
valley,  but  they  are  smaller  and  less  perfect  in  form  than  those  of  the 
Animas.  One,  however,  is  noteworthy,  especially  from  the  close  associa- 
tion of  its  gravels  with  those  of  the  terminal  moraine.  It  lies  on  the 
slopes  of  Baldy  peak,  one  of  a  group  of  hills  between  the  high  mountains 
and  the  lowlands,  and  east  of  the  Uncompahgre  river.  The  long  ridge 
extending  northwest  from  its  summit  is  thickly  covered  with  gravels  and 
huge  boulders,  the  greater  part  of  which  was  derived  from  the  Uncom- 
pahgre glacier ;  but  numerous  boulders  of  massive  latite  belonging  to  the 
later  eruptive  rocks  of  the  region  have  come  from  Cow  creek,  an  eastern 
tributary  of  the  Uncompahgre.  It  is  believed  that  the  drift  covering  the 
ridge,  as  well  as  that  extending  northeast  nearly  to  Cow  creek,  represents 
a  lateral  moraine  of  the  Uncompahgre  glacier  blending  with  a  similar 
moraine  of  Cow  creek.  The  small  lateral  moraines  of  the  Uncompahgre 
are  more  conmion  on  the  west  side,  that  at  the  mouth  of  Coal  creek  being 
characteristic  of  a  number  that  occur  between  Ouray  and  the  terminal 
moraine.  After  running  parallel  to  the  valley  as  a  low  ridge  some  1,000 
feet  above  the  river,  the  moraine  turns  just  before  reaching  the  south  side 
of  Coal  creek  and  descends  to  the  level  of  the  present  alluvium  of  the 
Uncompahgre.  North  of  Coal  creek  another  moraine  occurs  at  the  same 
high  level  as  the  first,  and  after  a  short  distance  it  also  descends.  In  ad- 
dition to  the  more  perfectly  preserved  lateral  moraines,  drift  is  found  on 
all  the  spurs  or  valley  sides  that  are  not  too  steep  to  retain  such  material. 
In  Dexter  creek,  a  tributary  of  the  Uncompahgre  from  the  east,  which 
does  not  rise  in  the  high  mountains  and  which  did  not  contain  a  glacier, 
stratified  gravels  and  coarse  sands  occur  in  patches  on  the  valley  sides 
near  the  present  stream,  but  at  elevations  well  above  those  at  which  they 
could  now  be  deposited  by  the  stream,  even  at  times  of  flood.  The  starti- 
fied  character  of  the  gravels  is  well  shown  in  cuts  along  the  wagon  road. 
They  are  believed  to  have  been  deposited  during  the  last  glacial  stage  by 
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the  waters  of  the  stream  held  in  check  by  the  ice-dam  across  the  mouth 
of  the  valley  caused  by  the  Uncompahgre  glacier. 

VALLEY  TRAIN 

Distinct  gravel-covered  terraces  occur  on  both  sides  of  Uncompahgre 
river  below  the  great  moraine,  and  also  in  Cow  creek  for  7  miles  above  its 
mouth.  The  surface  of  these  terraces  is  about  50  feet  above  that  of  the 
present  flood-plains  of  the  streams.  The  gravels  are  water-worn,  strati- 
fied, and  of  only  moderate  coarseness,  individual  boulders  seldom  reach- 
ing one  foot  in  diameter,  and  that  only  near  the  moraine ;  their  lithologic 
character  is  appropriate  to  the  drainages  in  which  they  occur,  those  of 
Cow  creek  being  largely  of  volcanic  material,  while  the  ones  of  the  Un- 
compahgre are  of  sedimentary  and  volcanic  rocks  mingled.  The  relation 
of  this  low  Uncompahgre  terrace  to  the  great  moraine  shows  clearly  that 
the  gravels  represent  outwash  deposits  or  valley  train  laid  down  by 
waters  which  issued  from  the  foot  of  the  glacier,  and  are  essentially  con- 
temporaneous with  the  moraine  itself.  The  gravels  of  the  Cow  Creek 
terrace  are  of  the  same  age  and  doubtless  of  similar  origin,  although  their 
relation  to  a  terminal  moraine  is  not  evident.  A  part  of  the  Cow  Creek 
terrace  is  shown  in  the  foreground  in  plate  25,  figure  1. 

Deposits  of  similar  character  and  even  more  extensive  occur  in  Animas 
valley  below  the  terminal  moraines.  The  terraces  covered  by  them  are 
shown  in  plate  31  in  their  relation  to  the  moraines  and  to  still  higher 
terraces,  to  be  discussed  later  on.  It  will  be  noted  that  the  view  shows  two 
low  terraces  beyond  the  river  which  blend  in  some  places.  It  is  believed 
that  these  levels  are  due  to  the  outwash  of  gravel  from  the  glacier,  cor- 
responding in  the  main  to  different  positions  of  the  ice-front,  perhaps 
those  of  the  two  moraines. 

About  10  miles  south  of  Durango  the  gravels  cover  the  broad  valley  of 
the  Animas  from  the  bases  of  the  high  mesas  east  and  west  of  it,  shown  in 
plates  28  and  29,  and  are  probably  not  less  than  26  feet  thick.  The  size  of 
the  boulders  near  the  terminal  moraine  is  a  conspicuous  feature  of  the 
valley  train.  Certain  of  them,  representing  the  pre-Cambrian  rocks  of 
the  Needle  mountains,  are  from  1  to  3  feet  in  diameter;  but  such  larg^ 
blocks  are  not  found  at  any  great  distance  from  the  terminal  moraine, 
most  of  the  gravels  being  well  rounded  and  seldom  more  than  2  or  3 
inches  in  diameter.  This  terrace  level,  like  that  of  the  Uncompahgre 
valley,  is  about  50  feet  above  the  present  level  of  the  river's  flood-plain. 
Similar  gravels  have  been  found  in  the  drainage  of  the  San  Miguel  and 
Dolores  rivers  and  are  abundant  along  the  Mancos,  La  Plata,  Florida,  and 
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Pine  River  drainages.    Special  mention  has  been  made  of  them  in  the 
La  Plata  folio,  where  they  are  represented  on  the  geologic  map. 

TIME  OF  RECENT  GLACIATION 

A  noteworthy  feature  of  all  of  the  glaciated  San  Juan  region  is  the 
very  slight  erosion  that  has  been  accomplished  since  the  disappearance  of 
the  ice,  shown  not  only  in  the  channels  of  the  streams,  but  also  in  the 
slight  modification  in  form  to  which  the  moraines  and  drift  have  been 
subjected.  More  erosion,  as  one  might  expect,  has  been  acomplished  in 
the  soft  Cretaceous  shales  of  the  foothills  and  plateau  region  than  in  the 
massive  volcanic  or  pre-Cambrian  rocks  of  the  interior.  The  moraines 
show  little  or  no  effects  of  weathering,  although  they  have  been  cut  in 
two  by  the  streams  flowing  in  the  main  valley.  The  cuts,  however,  are 
sharp,  and  the  exposures  on  either  side  are  generally  fresh  and  imcovered 
by  vegetation,  while  in  the  uneroded  portion  of  the  moraine  the  forms  are 
almost  as  distinct  as  they  were  at  the  time  the  moraine  was  first  deposited. 
This  is  also  true  of  the  lateral  moraines,  although  from  their  more  ex- 
jK)8ed  positions  on  the  hillsides  more  or  less  of  their  material  has  been 
carried  downward  by  creep  or  wash  and  deposited  at  lower  elevations. 
The  freshness  of  the  materials  constituting  the  moraines  is  very  striking  5 
the  boulders  are  superficially  almost  entirely  unoxidized  and  many  show 
distinct  striations.  This  holds  true,  not  only  of  the  harder  pre-Cambrian 
rocks  which  constitute  a  large  part  of  the  Animas  moraine,  but  also  of 
the  Paleozoic  and  later  rocks  which  are  quite  abundant,  boulders  or  peb- 
bles of  compact  limestone  being  not  uncommon. 

Many  of  the  higher  cirques  are  practically  in  the  condition  in  which 
they  were  left  by  the  ice,  their  floors  being  bare  and  no  erosion  having 
been  accomplished  by  the  streams  which  now  occupy  them.  The  greatest 
erosion  has  naturally  taken  place  at  points  intermediate  between  the 
cirques  and  the  flood-plains  of  the  main  streams ;  thus,  in  Needle  creek,  a 
tributary  of  Animas  river,  the  stream  has  intrenched  itself  to  a  depth  of 
2  or  3  feet  in  the  old  rock  floor,  but  at  many  places  actually  flows  over 
glacially  polished  surfaces.  Even  in  regions  of  softer  rocks  the  post- 
glacial erosion  has  been  very  slight. 

As  already  mentioned,  ice  has  been  observed  in  one  of  the  high  cirques 
of  this  portion  of  the  Hocky  mountains,  and  in  other  areas  in  Colorado 
actual  glaciers,  although  of  small  size,  are  known  to  occur,  as,  for  example, 
the  now  well  known  Arapahoe  glacier  in  the  front  range,  20  miles  west 
of  Boulder.  All  of  this  evidence  is  of  interest  and  importance  in  show- 
ing the  relatively  recent  time  in  which  actual  glacial  conditions  existed 
in  the  San  Juan  mountains  and  probably  throughout  the  Rocky  moun- 


260      HOWE  A  CROSS GLACIAL  PHENOMENA,  SAN  JUAN  MOUNTAINS 

tains  in  general,  and  that  this,  the  last  stage  of  glaciation,  undoubtedly 
extended  from  Pleistocene  into  Recent  times.  Emphasis  is  laid  on  this 
point  in  order  to  bring  out  by  contrast  the  greater  age  of  the  other 
deposits  which  are  to  be  described. 

Occurrence  ok  Drift  older  than  the  last  Stage  op  Glaciation 
qbseral  character  avd  distribution  of  the  drift  material 

As  was  mentioned  in  the  introduction,  deposits  of  supposed  drift  and 
gravels  have  been  observed  at  many  localities  on  the  outskirts  of  the  San 
Juan  mountains  which  are  evidently  older  than  the  deposits  of  the  last 
stage  of  glaciation.  Much  of  this  detritus  consists  of  water-worn  and 
stratified  gravel  clearly  deposited  by  streams  and  at  elevations  consider- 
ably higher  than  those  at  which  the  streams  now  flow.  Traces  of  these 
gravels  have  been  found  many  miles  from  the  mountains  and  far  beyond 
the  observed  limits  of  the  deposits  of  the  last  glacial  stage.  Some  of  the 
detritus  may  be  morainal/but  if  w  the  form  of  the  deposits  has  been  so 
modified  that  often  they  may  be  overlooked,  while  the  materials  constitut- 
ing them  appear  to  be  less  fresh  than  those  of  the  last  moraines. 

The  first  definite  information  bearing  on  the  origin  of  this  detritus  and 
its  evident  greater  age  than  that  of  the  last  stage  of  glaciation  was  found 
in  Uncompahgre  valley  and  the  territor}'  immediately  adjoining  it  in  the 
summer  of  1904.  The  following  account,  supplemented  by  observations 
made  by  Cross  in  1905,  is  given  in  some  detail,  since  the  facts  observed  in 
this  locality  have  a  direct  bearing  upon  the  occurrence  of  drift  elsewhere, 
in  regard  to  the  origin  of  which  information  has  hitherto  been  lacking. 

REGION  IN  WHICH  THE  OLD  DRIFT  OCCURS 

After  leaving  the  high  mountains,  the  Uncompahgre  river,  as  shown 
by  the  sketch  maps,  figures  1  and  2,  follows  a  course  slightly  west  of  north 
to  its  junction  with  the  Gunnison  river.  Once  beyond  the  limits  of  the 
volcanic  rocks,  the  stream  enters  an  open  valley  flanked  on  the  east  by 
Cimarron  ridge,  or  "Tongue  mesa"  of  the  Hayden  map,  and  on  the  west 
by  the  Uncompahgre  plateau.  The  main  stream,  together  with  its  upper 
branches,  drains  one  of  the  highest  parts  of  the  San  Juan  mountains, 
representing  an  area  of  about  100  square  miles,  composed  largely  of 
Tertiary  volcanic  rocks — tuffs,  agglomerates,  flows,  and  intrusive  porphy- 
ries— through  which  the  river  has  cut  and  exposed  a  great  section  of 
Algonkian  and  later  sediments  which  underlie  the  volcanics.  From  the 
sources  of  the  different  streams  to  the  broad  open  valley  of  the  Uncom- 
pahgre the  topography  is  extremely  varied.    The  line  between  the  plateau 
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country  of  moderate  relief  and  the  high  rugged  mountains  is  a  sharp 
one,  several  peaks  of  the  border  zone,  having  elevations  in  the  neighbor- 
hood of  14,000  feet,  rising  abruptly  from  7,000  feet  often  without  inter- 
vening foothills.  Most  of  the  streams  head  in  glacial  cirques  far  above 
timber  line,  drop  into  deep  canyons  which  open  out  into  U-shaped 
valleys  as  they  leave  the  higher  mountains,  and  then,  quite  as  suddenly, 
enter  broad  valleys  eroded  in  soft  Cretaceous  shales. 

The  topography  of  the  region  in  which  the  deposits  of  old  drift  occur 
is  characterized  by  the  presence  of  broad  valleys  or  drainage  basins  which 
have  been  dissected  during  more  than  one  period  of  erosion.  Before  dissec- 
tion the  region  was  one  of  very  moderate  relief,  with  low  divides  between 
the  streams,  and  it  is  upon  these  old  surfaces,  or  those  developed  during 
the  intermediate  periods  of  erosion,  that  the  gravels  and  drift  occur  which 
are  believed  to  be  older  than  the  last  stage  of  glaciation.  Near  the 
Uncompahgre  river  the  relation  of  the  old  surface  to  the  flood-plains  of 
the  present  streams  and  to  certain  intermediate  levels  is  well  shown. 
These  features  are  brought  out  in  plate  25,  which,  with  the  aid  of  the 
accompanying  descriptions,  should  give  a  clear  idea  of  the  topography. 

THE  DEPOSITS  OF  EARLIER  DRIFT 

West  of  the  Uncompahgre  river  and  north  of  Dallas  creek  is  an  elevated 
region  whose  almost  plane  surface  is  inclined  slightly  to  the  northeast ;  it 
is  the  extreme  southeastern  extension  of  the  Uncompahgre  plateau,  which, 
as  shown  by  the  Hayden  map,  extends  northwest  for  nearly  70  miles. 
About  10  miles  due  west  from  the  junction  of  Dallas  creek  with  the  Un- 
compahgre river  (figure  2),  Horsefly  peak,  a  small  hill,  whose  elevation 
is  about  10,000  feet,  rises  600  feet  from  the  surface  of  this  plateau.  The 
peak  itself  is  the  culminating  point  of  a  line  of  low  hills  which  extends  in 
a  northerly  direction  from  the  divide  at  the  head  of  Dallas  creek  to  a  little 
beyond  Horsefly,  where  the  line  turns  somewhat  to  the  west  and  the  hills 
rapidly  decrease  in  elevation;  they  form  the  crest  of  the  divide  between 
the  Uncompahgre  and  San  Miguel  rivers.  These  hills  are  covered  so 
thickly  by  pebbles,  boulders,  and  blocks  of  volcanic  material,  often  10  or 
15  feet  in  diameter,  that  in  many  places  the  hills  have  the  appearance  of 
being  entirely  composed  of  the  detritus  (see  plate  26).  The  material  was 
derived  almost  entirely  from  known  late  volcanic  flows  and  breccias  of  the 
mountains  and  appears  to  have  been  once  partly  rounded  or  subangular, 
but  has  been  much  modified  in  form  through  weathering.  In  addition  to 
the  late  volcanic  rocks,  there  is  a  little  granite  and  Algonkian  quartzite, 
probably  derived  from  an  early  Tertiary  conglomerate,  which  in  age  imme- 
diately precedes  the  volcanic  rocks  and  which  is  known  to  occur  in  the 
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tnountaiiiB  to  the  south  and  east.  The  mass  of  the  hill  beneath  the  gravel 
is  composed  of  Cretaceous  shales  resting  on  the  Dakota  sandstone,  which 
forms  the  capping  formation  of  the  plateau,  and  it  is  probable  that  many 
of  the  moraine-like  hillocks  and  depressions  resembling  kettle-holes  may 
be  due  to  the  uneTcn  erosion  of  the  shales,  but  in  a  few  places  it  is  possible 
that  true  morainic  forms  exist,  although  much  modified  by  erosion  and 
weathering. 

Similar  deposits  occur  on  West  Baldy,  5V^  miles  south  of  Horsefly 
peak,  a  noteworthy  feature  of  their  occurrence  being  the  abundance  of  late 
volcanic  rocks  and  intrusives  and  the  small  amount  of  the  early  breccias. 
These  intrusiyes  are  found  in  place  about  8  miles  to  the  south,  and, 
together  with  the  early  andesitic  breccias,  make  up  a  large  part  of  the 
mass  of  Mears  peak  west  of  mount  Sneffels.  The  late  volcanic  rocks, 
belonging  to  the  Potosi  volcanic  series  of  recent  reports,  now  occur  only  as 
thin  remnants  of  flows  capping  the  highest  peaks  and  constitute  but  a 
small  part  of  the  range  of  mountains  forming  the  northwest  buttress  of 
the  San  Juan.  The  abundance  of  such  material  in  the  West  Baldy  and 
Horsefly  detritus  has  much  significance  in  considering  the  age  and  origin 
of  these  deposits,  subjects  which  are  discussed  in  a  later  paragraph. 

Ten  miles  north  of  Horsefly  peak  and  at  an  elevation  of  about  8,000 
feet,  a  small  kame-like  hill  rises,  probably  not  more  than  100  feet,  above 
the  gently  inclined  surface  of  the  Uncompahgre  plateau  and  about  mid- 
way between  the  crest  of  the  plateau  and  the  Uncompahgre  river.  This 
hill  is  made  up  of  rounded  boulders  and  gravel,  mainly  of  dark  volcanic 
rock,  some  of  the  larger  boulders  being  several  feet  in  diameter.  The  hill 
is  isolated  and  such  igneous  material  is  not  commonly  scattered  over  the 
surrounding  country.  Other  similar  knolls  occur  between  this  point  and 
Montrose.  Southeast  of  Montrose,  along  a  road  leading  toward  the  end 
of  the  Cimarron  ridge,  there  are  small  remnants  of  boulder  and  gravel 
deposits  consisting  mainly  of  volcanic  debris.  These  gravels  form  low 
knolls,  rising  above  the  graded  surface  of  the  Cretaceous  shales,  and  are 
conspicuous,  since  they  are  of  different  composition  from  the  hills  of 
shale  which  may  also  be  noted  here  and  there.  The  largest  boulders  of 
volcanic  material  occurring  in  the  knolls  are  probably  not  more  than  2 
feet  in  diameter. 

The  slopes  extending  from  Cimarron  ridge  to  Cow  creek,  whose  course 
is  nearly  parallel  to  the  trend  of  the  ridge,  as  shown  in  the  sketch  map, 
figure  2,  are  more  or  less  thickly  covered  with  gravels  and  boulders.  The 
debris  lies  in  disordered  heaps,  modified  somewhat  by  erosion,  but  in 
places  retaining  a  form  which  suggests  ice  deposition.  The  material  con- 
sists of  pebbles  and  boulders  derived  from  the  agglomerates  of  the  ridge 
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and  in  addition  large  crumbling  blocks  of  the  agglomerate  itself.  Near 
the  ridge  these  deposits  are  covered  by  the  debris  of  recent  landslides  from 
the  cliffs  of  the  ridge.  Except  where  obscured  by  landslide,  the  slopes 
westward  from  Cimarron  ridge  have  even  grades  of  low  slope,  such  as 
are  characteristic  of  a  mature  topography,  but  they  have  been  materiall^r 
modified  by  a  renewed  activity  of  the  streams  draining  them,  and  the 
s^ravels  are  preserved  in  their  original  positions  only  on  the  divides  and 
ridges  between  the  intrenched  streams. 

ORIGIN  OF  THE  DRIFT 

The  brief  examination  made  failed  to  disclose  any  striated  pebbles  in 
the  material  occurring  on  Horsefly  and  West  Baldy,  but  there  are  other 
sufficiently  good  reasons  for  believing  that  the  deposits  are  of  glacial 
origin. 

The  study  of  the  material  represented  in  the  two  occurrences  shows 
that  it  was  derived  from  the  high  mountains  to  the  south  and  from  which 
Horsefly  peak  is  now  separated  by  the  broad  and  deep  depression  of  the 
Dalla.s  drainage  basin.  A  \evy  large  part  of  the  material  consists  of  late 
volcanic  rocks,  now  preserved  only  as  remnants  capping  the  highest  sum- 
mits, which  are  at  some  distance  to  the  east.  There  are  also  numerous 
boulders  of  intrusive  porphyry  which  can  have  come  only  from  Mears 
peak,  while  there  is  a  notable  absence  of  the  gabbro  occurring  on  Mount 
SnefTels  and  only  a  slight  representation  of  the  early  braccias  which  con- 
stitute a  large  part  of  the  adjacent  mountains.  There  can  be  no  doubt 
that  the  material  covering  West  Baldy  and  Horsefly  peak  as  well  as  that 
composing  the  kame-like  hill  to  the  north  was  derived  from  the  mountains 
to  the  south  or  southeast;  but  since  its  transportation  from  its  source  the 
mountains  have  undergone  extensive  degradation,  and  the  younger  rocks 
represented  in  the  West  Baldy  and  Horsefly  gravels  have  been  largely 
removed  and  older  formations  exposed. 

Evidence  has  been  found  at  the  foot  of  the  mountains  that  at  various 
points  l^tween  the  Uncorapahgre  river  and  the  northwest  end  of  the  range 
landslides  occurred  on  an  enormous  scale  before  the  dissection  of  the  old 
lowland,  previously  mentioned,  had  begun.  The  deposits  of  the  old  land- 
slide material  closely  resemble  more  recent  deposits  of  similar  origin,  but 
the  rough  surface  and  peculiar  topography  characteristic  of  young  slides 
has  been  much  softened  and  modified  by  age.  Probably  the  most  striking 
feature  of  this  old  landslide  material  and  the  best  indication  of  its  age 
is  the  intimate  relation  it  bears  to  the  old  topography  and  the  absolute 
independence  of  its  position  to  the  present-day  topography.  The  material 
occurs^  beneath  the  comparatively  smooth  surface,  in  characteristically 
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chaotic  masses  of  hugh  blocks  and  finer  and  more  completely  shattered 
material  on  the  crests  of  ridges  between  the  modem  streams  or  on  isolated 
mesas.  Just  west  of  the  Uncompahgre  river  are  noteworthy  oocuirences. 
some  of  the  material  extending  northward  nearly  4  miles  from  the  present 
base  of  the  high  mountains.  Another  striking  instance  was  found  at  the 
extreme  northwest  end  of  the  range,  whei-e  landslide  debris  covers  the  top 
of  a  hill  whose  nearly  plane,  though  inclined,  surface  if  extended  would 
meet  the  near-by  spur  of  the  mountains  at  a  point  not  far  below  it8 
present  summit.  These  relations  are  shown  in  plate  27.  The  landslide 
material  consists  of  late  volcanic  rocks  entirely.  The  mountains  im- 
mediately to  the  east  are  made  up  wholly  of  early  andesitic  breccia  and 
intrusive  andesite,  i^lthough  still  farther  east  remnants  of  the  late  vol- 
canics  are  preserved  on  the  highest  summits.  These  conditions  seem  to 
indicate  that  at  the  time  the  landslides  occurred  a  much  bolder  topography 
existed  in  the  higher  mountains  than  prevails  at  the  same  points  today, 
and  that  the  younger  and  higher  formations  which  crowned  the  summits 
have  been  more  or  less  completely  removed,  possibly  in  part  through  the 
agency  of  the  very  landslides  under  discussion. 

The  relatively  great  distance  from  its  source  at  which  some  of  this 
ancient  landslide  material  has  been  found  suggests  that  the  detritus  on 
West  Baldy  and  Horsefly  may  have  had  a  similar  origin ;  but  the  difference 
in  physical  character  bet\ieen  this  detritus  and  that  of  the  landslides^ 
the  greater  variety  of  the  materials' represented  in  the  West  Baldy  and 
Horsefly  occurrences,  and  finally  the  much  greater  distance  from  it« 
source  at  which,  in  the  case  of  Horsefly  at  least,  the  material  is  found, 
would  seem  to  be  sufficient  reason  for  rejecting  such  an  hypothesis. 

The  possibility  of  water  or  torrential  transportation  of  the  Horsefly 
material  also  seems  unlikely.  The  detritus  lies  near,  if  not  actually  on. 
the  divide  which  separates  the  drainage  areas  of  the  Uncompahgre  and 
San  Miguel  rivers,  and  the  remnants  of  the  old  topography  show  that  at 
the  time  the  detritus  was  deposited  the  streams  and  their  tributaries 
flowed  in  ver}'  wide  open  valleys  in  essentially  the  positions  that  they 
occupy  today.  If  the  Horsefly  and  West  Baldy  material  is  to  be  regarded 
as  contemporaneous  with  the  kame-like  deposits  observed  to  the  northeast 
in  the  direction  of  Montrose,  it  is  difficult  to  conceive  how  blocks  10  or 
more  feet  in  diameter  could  be  carried  far  out  on  the  western  divide  at 
least  10  miles  from  the  mountain  front. 

It  is  known  that  the  bedded  volcanic  rocks  of  the  region  once  extended 
some  distance  out  over  what  is  now  the  plateau  country,  and  that  they 
have  since  been  removed  by  erosion,  but  the  detritus  covering  West  Baldy 
and  Horsefly  can  hardly  be  regarded  as  representing  what  Shaler  has 
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aptly  termed  "residual  ablation  deposits,"  or  detritus  slowly  let  down  by 
the  removal  of  softer  or  more  soluble  material,  since  it  is  composed,  not 
only  of  material  derived  from  the  bedded  volcanics,  but  also  of  intrusive 
porphyries,  evidence  of  which  should  be  found  today  in  the  immediate 
vicinity  in  the  form  of  dikes  or  stocks,  none  of  which,  however,  has  been 
discovered.  Moreover,  such  an  explanation  would  apply  only  to  the 
detritus  on  or  near  the  divides  and  could  not  account  for  the  material 
occurring  at  lower  levels  near  Montrose.  Taking  all  these  facts  into 
consideration,  there  seems  to  be  sufficient  ground  for  assuming  that  the 
detritus  can  only  be  of  glacial  origin  and  is  to  be  regarded  as  true  drift. 
From  its  position,  that  of  West  Baldy  and  Horsefly  is  most  naturally  to 
be  considered  as  lateral  moraine,  while  the  deposits  occurring  at  lower 
elevations  near  Montrose  may  represent  remnants  of  the  terminal  moraine 
or  ground  moraine.  Detailed  information  in  regard  to  those  last  occur- 
rences is  lacking,  the  mere  fact  of  their  existence  and  the  general  charac- 
ter of  their  materials  being  known. 

The  origin  of  the  detritus  between  Cow  creek  and  Cimarron  ridge  is  not 
altogether  clear.  The  nature  of  the  material  indicates  that  it  was  de- 
rived only  from  the  early  tuffs  and  agglomerates  which  constitute  the 
ridge,  and  the  abundance  of  recent  landslides  from  the  ridge  presents  the 
possibility  that  this  evidently  older  material  may  have  had  a  similar 
origin.  There  is  one  strong  objection  to  accepting  this  as  an  explanation. 
The  material  lying  between  the  streams,  and  apparently  only  very  slightly 
affected  by  erosion  since  the  time  of  its  deposition,  is  usually  less  abun- 
dant near  the  cliffs  from  which  it  was  derived  than  it  is  farther  away. 
Its  most  characteristic  occurrence  also  is  in  tlie  form  of  mounds  or  heaps 
of  large  and  small  blocks  often  separated  from  one  another  by  several 
hundred  yards  of  bare  ground  covered  only  by  the  soil  which  results 
from  the  weathering  of  the  underlying  Cretaceous  shales.  As  has  been 
said,  the  composition  of  the  material  shows  that  it  was  derived  from 
Cimarron  ridge,  but  its  disposition  could  not  be  accounted  for  by  the 
simple  agency  of  landslides.  For  the  same  reason  the  material  could 
hardly  have  been  deposited  by  streams,  and  even  torrents  could  not  have 
transported  blocks  from  10  to  30  feet  in  diameter  three  or  four  miles 
from  their  source.  Water-laid  gravels  do  occur,  as  is  shown  later,  just 
beyond  the  limits  of  this  unstratilied  detritus ;  they  belong  to  the  highest 
series  and  rest  upon  the  old  land  surface  that  has  been  frequently  referred 
to.  It  seems  evident  that  these  deposits  can  not  be  regarded  as  lateral 
moraine  of  an  early  Cow  Creek  glacier  corresponding  in  time  to  the 
Horsefly  deposits  because  none  of  the  various  types  of  rock  known  to 
occur  along  the  upper  portions  of  Cow  creek  are  found,  the  deposits  con- 
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sisting  of  the  early  breccia  of  Cimarron  ridge  unmixed  with  other  rocks. 
At  the  time  these  observationB  were  made,  before  the  Horsefly  drift  had 
been  discovered,  it  was  thought  that  the  mounds  and  heaps  of  debris 
might,  represent  material  which  fell  from  the  cliffs  of  the  ridge  on  snow 
fields  or  n^v^,  and  that  it  was  thus  transported  relatively  short  distances 
and  deposited  by  the  n6v6  ice  without  having  the  form  of  a  moraine  built 
by  a  well  defined  glacier.  There  is  today  no  trace  of  a  divide  between  the 
old  valleys  of  the  Uncompahgre  and  Cow  creek,  but  from  the  elevation 
of  the  Horsefly  drift,  10,000  feet,  it  must  be  assumed  that  the  ice  stood 
at  a  nearly  corresponding  level  on  the  east  side  of  Cow  creek,  whether 
or  not  the  glaciers  united  nearer  their  sources  than  the  junction  of  the 
present  streams.  If  this  assumption  be  correct,  the  supposed  drift  be- 
tween Cow  creek  and  Cimarron  ridge  can  have  been  deposited  only  after 
the  glaciers  of  the  early  stage  had  begun  to  shrink,  since  the  drift  occurs 
quite  a  little  below  the  10,000-foot  level,  and  the  stratified  gravels  below 
them,  already  referred  to,  appear  to  have  been  contemporaneously  de- 
posited— a  relation  which  could  not  exist  had  the  main  valley  been  filled 
with  ice  at  the  time  the  supposed  drift  was  laid  down.  Although  it 
seems  not  impossible  to  attribute  these  deposits  to  such  an  origin  as  ha$i 
been  suggested,  yet.it  must  be*  admitted  tliat  satisfactory  proof  is  lacking. 
On  the  other  hand,  no  other  explanation  to  account  for  the  existing 
conditions  seems  acceptable. 

EARLY  TERRACE  GRAVELS  OF  COW  CREEK 

Gravel-covered  terraces  occur  at  two  well  marked  levels  below  the 
supposed  old  drift  and  above  the  younger  valley  train.  The  upper  ter- 
race, shown  in  plate  25,  figure  2,  on  the  extreme  right,  is  merely  an  ex- 
tension of  the  old  graded  surface  on  which  the  drift  rests  and  is  covered 
by  stratified  and  water-worn  gravels  separated  by  rather  an  indefinite 
line  from  the  drift.  The  terrace  form  and  gravel  cover  are  preserved 
only  as  remnants  between  the  streams  tributar}'  to  Cow  creek  and  in  a 
few  isolated  hilltops  and  mesas,  one  of  which  lies  west  of  Cow  creek  4 
miles  from  its  mouth  and  is  shown  in  plate  25,  figure  2,  on  the  left.  The 
gravels  of  the  Cow  Creek  drainage  consist  entirely  of  material  derived 
from  the  volcanic  rooks  and  vary  in  size  from  a  few  inches  to  a  foot  in 
diameter.  The  deposits  are  of  variable  thickness  and  are  usually  thin 
near  the  old  supposed  morainal  material.  The  maximum  observed  thick- 
ness is  50  feet  near  the  edges  of  the  terraces  overlooking  Cow  creek  and 
on  the  mesa  a  short  distance  from  the  mouth  of  Cow  creek,  which  are  the 
only  points  where  the  gravels  are  well  exposed,  as  they  are  elsewhere 
covered  by  2  or  3  feetof  fine,. reddish  soil,  possibly  of  eolian  origin.     The 
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relation  of  these  gravels  to  the  old  drift,  as  well  as  their  stratification, 
suggests  that  they  may  represent  a  combination  of  out  wash  deposits  from 
the  ice  which  deposited  the  early  drift  below  Cimarron  ridge  as  moraine 
and  from  the  retreating  Cow  Creek  glacier. 

A  second  gravel-covered  terrace  occurs  below  the  first  one  in  Cow 
creek.  On  the  southwest  side  of  the  creek,  as  shown  on  the  mesa  about 
4  miles  from  the  mouth  (plate  26,  figures  1  and  2),  the  vertical  distance 
between  the  two  terraces  is  about  100  feet,  while  on  the  northeast  side  300 
feet  intenenes  between  the  two.  Intermediate  terraces  occur  at  a  number 
of  levels,  but  they  are  poorly  preserved  and  merge  one  into  another,  so  that 
correlations  are  impossible.  Kemnants  of  this  lower  level  are  preserved 
as  benches  or  isolated  mesas  on  both  sides  of  Cow  creek  and  the  Uncom- 
pahgre  river  and  are  striking  topographic  features. 

The  highest  gravel-c*overed  terrace  has  not  been  identified  west  of  the 
Fncompahgre  river  in  the  vicinity  of  Dallas  creek,  but  about  6  miles  to 
the  north,  just  beyond  some  low  hills  due  to  an  intrusive  porphyry,  it  is 
well  preserved.  Close  to  the  river  at  this  point  the  line  between  the 
highest  and  intermediate  terraces  is  sharp,  but  in  the  direction  of  Horse- 
fly peak  it  soon  becomes  indistinct,  and  the  two  surfaces  appear  to  blend 
into  one  another.  The  terraces  bordering  directly  on  the  Cow  Creek 
drainage  are  covered  by  gravels  composed  almost  entirely  of  late  volcanic 
material,  those  of  the  lower  levels  being  well  rounded  and  water-worn, 
and,  like  the  ones  of  the  upper  level,  covered  with  fine,  red  soil.  The 
terrace  gravels  of  the  Uncompahgre  drainage  belonging  to  the  lower  level 
accord  closely  with  those  of  Cow  creek  in  elevation,  but  the  materials  are 
different,  consisting  of  massive  late  volcanic  rocks,  porphyries  possibly 
derived  from  the  Eocene  conglomerate,  and  examples  of  nearly  all  the 
sedimentary  rocks  of  the  upper  Uncompahgre,  including  Algonkian 
quartzite. 

INTBRQLACIAL  BR0810N 

It  is  clear  that  a  long  period  of  erosion  occurred  between  the  times 
of  deposition  of  the  older  drift  and  the  fresher  and  younger  material. 
During  this  period  the  mesas  west  of  Cow  creek  were  developed,  the 
surface  of  the  one  about  4  miles  above  the  mouth  of  the  creek  being  a 
remnant  of  the  slopes  still  preserved  between  Cow  creek  and  Cimarron 
ridge,  while  the  other  somewhat  lower  mesas  coiTCspond  to  the  level  of  tiie 
lower  terraces  (plate  25,  figures  1  and  2).  Evidence  has  been  found  in 
the  higher  mountain  region  to  the  south  that  the  canyon  of  Cow  creek  was 
probably  developed  at  this  time,  as  the  old  graded  slopes  west  of  Cimarron 
ridge  may  be  traced  more  or  less  continuously  all  the  way  to  the  head  of 
Cow  creek ;  it  is  below  these  that  the  pi-esent  canyon  lies.  Taking  this 
XXII— Bull.  Gbol.  Soc.  Am.,  Vol.  17.  lft«5 
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into  consideration,  it  Beems  more  than  likely  that  the  gravels  of  the  lower 
terrace  represent  the  deposits  incident  to  this  interglacial  erosion.  They 
might,  of  course,  he  regarded  as  valley  train  deposited  during  an  inter- 
mediate period  of  glaciation,  whose  drift  it  has  been  impossible  to  differ- 
entiate from  that  of  the  earlier  and  later  periods. 

ORAVEL-rorRRED    TERRAVKH   OF   THE   LOWER   AXIIJA8  A.VO    8AS   JVAS 

RIVERS 

The  existence  of  widespread  deposits  of  terrace  gravels  in  the  r^ion 
south  of  the  San  Juan  mountains  has  long  been  known;  they  are  men- 
tioned in  the  reports  of  nearly  all  the  early  explorers,  but  no  explanation 
of  their  presence  has  been  offered.  Becently  Cross  has  made  further 
observations  on  them,  but  as  the  greater  part  of  the  Survey  field  work 
has  been  confined  to  the  mountains,  it  has  been  impossible  to  make  as 
complete  a  study  as  could  be  desired  of  their  character  and  distribution. 
All  the  tributaries  of  the  San  Juan  river  heading  in  the  mountains  ex- 
hibit in  their  valleys  several  gravel-covered  terrace  levels,  which  extend 
at  k^ast  as  far  down  the  San  Juan  as  the  mouth  of  the  Mancos  and  prob- 
ably much  farther. 

The  terraces  of  the  Animas  valley  ai-e  best  known  and  may  be  taken 
as  typical  of  all  those  in  the  San  Juan  basin.  The  upper  limit  of  the 
lower  Jind  intermediate  gravel  terraces  is  shown  in  plate  31.  These  two 
gravel  plains  expand  greatly  just  below  Durango,  and  their  development 
at  T  or  8  miles  below  the  town  is  shown  in  plates  28  and  29.  The  lowest 
is  that  of  the  valley  train  of  the  last  glacial  stage  already  mentioned ;  its 
surface  is  roughly  50  feet  above  the  pi-esent  flood-plain  of  the  Animas. 
The  next  higher  terrace  level  is  represented  by  the  Florida  mesa  on  tin- 
east  side  of  the  Animas  river,  while  on  the  west  there  is  a  corresponding 
slope  which  rises  to  the  low  divide  which  exists  betwee  nthe  Animas  and 
La  Plata  drainages.  Between  these  higher  and  lower  terraces  there  are 
several  intermediate  l(»vels,  some  of  which  are  especially  well  preserved 
east  of  the  Animas  river  between  Durango  and  the  moraines  (plate  31). 
Like  the  ones  on  the  north  side  of  the  San  Juan  mountains,  they  are 
gravel-covered,  and  resting  on  the  gravels  is  a  variably  thick  layer  of  fine 
eolian  soil.  In  plate  29  traces  of  a  higher  level  or  levels  are  seen  in  the 
flat-topped  hills  or  mesas  in  the  far  distance. 

These  three  main  gravel  horizons  may  be  traced  down  the  x^nimas  to 
the  broad  San  Juan  valley,  and  down  the  latter  to  the  point,  some  50  niile^i 
southwest  of  Durango,  where  the  upturned  strata  of  the  ^klesaverde  coal- 
bearing  formation  cross  the  river  at  the  Great  Hogback,  or  ^'Creston/'  as 
it  is  called  on  the  Hayden  map. 
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In  the  vicinity  of  Fniitland,  a  few  miles  east  of  the  Great  Hogback, 
the  two  lower  gravel  horizons  are  well  exhibited.  The  intermediate  one, 
at  least  150  or  200  feet  above  the  lowest,  may  be  seen  capping  the  ledge 
of  white  Laramie  ( ?)  sandstone,  known  as  the  "Pictured  rocks."  Here 
the  gravels  were  found  by  Cross  to  consist  of  large  and  small  boulders  and 
pebbles  of  many  volcanic  rocks,  of  granite  and  schist,  and  notably  of  the 
extremely  hard  Algonlfian  quartzites  of  the  Xeedle  mountains.  Boulders 
as  much  as  3  feet  in  diameter  were  noted  and  many  of  1  and  2  feet  diam- 
eter. Isolated  gravel-cai)ped  hills,  often  of  level  top,  and  rising  above 
this  gravel  plain  of  the  Pictured  rocks,  occur  on  both  sides  of  the  San 
Juan. 

The  beautiful  gravel  terraces  on  the  south  side  of  the  San  Juan,  oppo- 
site the  Great  Hogback,  form  the  subject  of  a  sketch  by  Holmes  in  the 
Harden  Report  for  1875  (plate  xxxix),  and  a  photograph  t«iken  by  Cross 
of  the  same  view  has  been  used  by  Gilbert  and  Brigham  in  their  "Intro- 
duction to  Physical  Geography"  (figure  .*]6),  but  erroneously  entitled  as 
representing  "Terraces  of  the  Uncompahgre  valley,  Colorado."  Inas- 
much as  the  terraces  of  the  San  ,Juan  extend  with  visible  continuity  far 
Wow  the  Great  Hogback,  it  is  almost  certain  that  they  are  gravel-covered 
for  many  miles  beyond  the  limit  of  present  observation,  near  the  Great 
Hogback.  The  coarseness  of  the  gravels  at  this  locality  renders  such 
an  assumption  natural.  * 

Xorthward  from  the  San  Juan  river,  terraces  and  plains,  seemingly 
px tensions  of  those  which  aix;  gravel-covered,  reach  far  up  the  Mancos 
valley  and  across  to  the  slopes  of  the  El  Late  mountains.  It  appears 
probable  that,  whether  gravel-coated  or  not,  these  topographic  features 
are  contemporaneous  in  origin  with  those  under  discussion  here. 

On  the  western  side  of  the  San  Juan  mountains,  in  the  valleys  of  the 
Dolores  and  San  Miguel  rivers,  gravel  benches  are  known  several  hun- 
dred feet  above  the  present  stream  beds,  but  only  near  the  mountains,  as 
far  as  our  observations  go.  It  is  probable,  however,  that  these  elevated 
gravels  will  in  time  be  correlated  with  som(»  of  the  more  extensive  de- 
posits of  the  northern  and  southern  slopes  of  the  San  Juan  mountains. 

During  a  reconnaissance  made  in  1905,  Cross  noted  the  absence  of 
gravel  deposits  over  the  Dolores  plateau  between  Mancos  and  the  Abajo 
mountains,  but  about  this  group,  as  also  around  the  La  Sal  moun- 
tains, there  are  evidences  of  ancient  local  gravel  terraces  or  plains 
extending  for  some  miles  farther  from  these  local  uplifts  than  do  the 
moraines  of  the  recent  glaciers.  The  latter  ice-streams  in  both  of  these 
mountain  groups  of  the  plateau  country  scarcely  extended  beyond  the 
sharply  defined  zone  between  mountain  and  plain. 
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Although  it  has  been  impossible  to  trace  these  three  principal  levels 
around  the  western  side  of  the  San  Juan  mountains,  there  can  be  little 
doubt  that  the  ones  on  the  south  are  to  be  correlated  with  the  similar  ones 
of  the  Uncompahgre  river.  The  relation  of  the  lowest  terrace  to  the  last 
stage  of  glaciation  and  directly  to  the  moraine  north  of  Durango  is  clearly 
shown,  and  also  the  relation  of  this  terrace  to  the  one  next  above,  known 
locally  as  the  Florida  mesa,  is  essentially  the  same  as  that  existing  between 
the  lowest  and  intermediate  terraces  of  the  Uncompahgre  drainage.  Thai 
the  renmants  of  a  still  higher  terrace  shown  in  the  isolated  hills  and  mesas 
along  the  lower  Animas  river  may  correspond  to  the  highest  terrace  of  the 
Uncompahgre  seems  not  unlikely,  but  this  level  has  not  been  recognized 
in  the  immediate  vicinity  of  the  mountains,  and  no  early  drift  correspond- 
ing to  that  of  the  Uncompahgre  region  has  been  thus  far  observed  on  the 
southern  side  of  the  San  Juan  either  in  the  Animas  drainage  or  that  of  the 
other  south-flowing  streams,  such  as  the  Florida  and  La  Plata,  that  have 
been  examined.  On  the  whole,  it  seems  most  probable  that  the  origin  of 
the  terraces  and  of  the  gravels  which  cover  them  on  the  south  side  of  the 
San  Juan  mountains  was  analogous  to  or  actually  the  same  as  that  of  the 
terraces  on  the  north. 

Comparison  with  similar  Deposits  elsev^iere  in  the  Rocky 
Mountain  Province 

At  least  two  series  of  glacial  formations  have  been  recognized  by  Salis- 
bury and  Blackwelder*  in  the  Bighorn  mountains  of  Wyoming.  The 
second  stage  was  apparently  altogether  similar  to  the  later  stage  in  the 
San  Juan  mountains,  but  probably  somewhat  more  drift  was  deposited, 
or  at  least  is  now  preserved.  The  same  freshness  of  the  materials  is 
notable  in  each  region,  and  in  each  case  but  a  small  amount  of  erosion  lias 
taken  place  since  the  disappearance  of  the  ice.  Tt  is  interesting  to  note 
that  five  small  glaciers  still  exist  in  the  Bighorn  mountains.  The  occur- 
rence of  older  drift  in  that  region  is  more  noteworthy  than  in  the  San 
Juan  region,  as  it  is  more  abimdant,  and  the  morainal  characteristics  of 
glacial  deposits  often  well  shown.  The  deposit  in  Wyoming  referred  to 
is  very  discontinuous,  and  the  greater  part,  as  in  the  San  Juan  region,  is 
restricted  to  hilltops.  Evidence  was  also  found,  although  conclusive  proof 
was  lacking,  that  in  Wyoming  a  still  earlier  period  of  glaciation  occurred. 
Gravels  and  large  boulders  15  to  26  feet  in  diameter  were  observed  on 
isolated  spots  8  or  10  miles  away  from  their  source,  and  their  decomposed 
condition  was  most  noteworthy.    On  the  whole,  from  the  authors*  descrip- 

•Op.  cit. 
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tion,  these  last  deposits  seem  to  resemble  the  early  ones  of  the  San  Juan 
more  than  do  the  intermediate  ones.  It  is  possible  that  the  intermediate 
terraces  in  the  San  Juan,  which  have  been  attributed  to  erosion  alone, 
may  correspond  to  the  earlier  glaciation  in  the  Bighorns,  but  that  in  the 
San  Juan  region  actual  glaciation  was  very  feeble  or  altogether  lacking. 
At  the  time  that  observations  were  being  made  in  the  San  Juan  region 
C'apps  and  T^flSngwell  *  were  examining  the  Pleistocene  deposits  of  the 
Arkansas  valley  in  Colorado.  Two  definite  epochs  of  glaciation  are  noted 
by  them,  and,  as  in  the  Bighorns,  the  possibility  of  a  still  earlier  one  is 
recognized,  although  here  also  satisfactory  proof  of  this  is  lacking.  The 
deposits  of  the  last  stage  are  of  essentially  the  same  character  as  those  of 
the  San  Juan,  with  the  exception  that  lateral  moraines  are  perhaps  more 
prominent  in  the  valleys  of  the  Sawatch  range  tributary  to  the  Arkansas. 
The  deposits  of  the  older  drift  are  characteristically  weathered  and  of 
patchy  occurrence  and  are  found  higher  than  the  younger  drift  and  be- 
yond the  limits  of  the  last  ice.  In  addition  to  the  strictly  morainal  de- 
{Kwits,  two  distinct  gravel-covered  terraces  were  observed.  Both  of  these 
terraces  are  in  close  relation  to  the  moraines  of  the  earlier  and  later 
epochs,  and  in  this  correspond  to  the  highest  and  lowest  terraces  of  the 
Uncompahgre  valley.  The  authors  have  noted  no  intermediate  terrace 
levels  between  the  upper  and  lower  ones,  but  the  older  drift,  whose  char- 
acter is  still  open  to  doubt,  occurs  at  a  yet  higher  elevation,  and  here 
again  it  may  be  found  to  correspond  in  age  to  the  deposits  on  Horsefly 
peak  of  the  San  Juan  region,  and  the  intermediate  levels  of  the  San  Juan 
in  turn  correspond  to  the  older  drift  levels  of  the  Arkansas  valley. 

Whether  these  suggested  correlations  prove  to  be  true  or  not  is  more  or 
less  inunaterial  in  the  present  connection,  the  important  point  being  that 
at  least  two  definite  and  distinct  epochs  of  glaciation  have  been  recognized 
at  a  number  of  widely  separated  points  in  the  Rocky  Mountain  province, 
and  that  the  interval  which  occurred  between  them  was  one  of  long  dura- 
tion and  in  which  extensive  erosion  took  place. 

A  more  systematic  examination  of  the  Pleistocene  deposits  of  the  San 
Juan  region  than  has  been  possible  up  to  the  present  time  would  undoubt- 
edly throw  light  on  many  points  that  are  at  present  obscure  in  regard  to 
the  relative  age  of  the  drift  and  its  relation  to  the  various  terrace  levels. 
Direct  evidence  would  also  doubtless  be  obtained  bearing  on  the  nature 
and  cause  of  the  intervals  of  active  erosion  which  occurred  bet^^^een  the 
different  advances  of  the  ice.  At  present  it  is  impossible  to  say  to  what 
extent  climatic  conditions  played  a  part  during  these  periods  of  erosion. 
That  actual  uplift  occurred  seems  certain,  but  the  nature  of  the  uplift  is 
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88  jTt  unknown  and  may  prove  to  have  been  of  a  differential  character 
and  marked  by  local  warpings  or  movemente  in  one  locality  which  did 
not  occur  at  another.  Any  discussion  of  such  matters  based  upon  our 
present  knowledge  is  beyond  the  scope  of  the  present  paper. 

Summary. 

The  events  of  the  later  stage  of  glaciation  in  the  San  Juan  region  are 
recorded  in  a  slight  but  characteristic  modification  of  the  topography, 
and  in  an  abundance  of  drift  in  the  form  of  moraines  and  outwash  gravels 
which  is  oxidized  but  little  and  on  which  subsequent  erosion  has  had 
slight  effect.  Postglacial  erosion  has  l)een  insignificant  in  the  higher 
mountains,  and  it  is  believed  that  glacial  conditions  continued  to  exist 
until  comparatively  recent  times. 

The  older  detritus  occurs  farther  from  the  mountains  than  the  more 
recent  drift  and  rests  on  the  renmants  of  an  old  topography  which  was 
deeply  dissected  before  the  time  of  the  last  stage  of  glaciation.  The  form 
of  the  deposits  suggests  that  they  have  undergone  much  modification  by 
erosion,  and  the  materials  composing  them  have  been  more  or  less  decom- 
posed by  atmospheric  agents.  There  is  a  marked  contrast  between  the 
appearance  of  this  drift  and  that  deposited  by  the  last  glacial  ice.  The 
large  size  of  individual  boulders,  the  numl)er  of  different  rock  types 
represented  in  the  material,  and  their  distance  from  the  source  from 
which  they  were  derived  suggest  transportation  and  deposition  by  glaciers 
as  the  most  plausible  explanation  of  the  origin  of  these  deposits. 

Stratified  deposits  of  water-worn  gravels  closely  related  to  the  older 
drift  in  age  and  position  extend  far  out  from  the  mountains  and  are  re- 
garded as  outwash  deposits  incident  to  the  earlier  glaciation.  Between 
these  highest  gravels  and  the  valley  train  of  the  last  stage  of  glaciation 
several  intermediate  gravel-covered  terraces  occur  that  are  believed  to 
have  been  developed  during  the  period  of  intcrglacial  erosion  which 
accomplished  the  dissection  of  the  old  surface  on  which  the  early  drift 
was  deposited. 
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Description  of  Plates 

PijiTE  25. — Vieivs  across  and  along  Cow  Creek 

Figure  1. — Looking  north  of  west  across  Cow  creek. 

The  view  is  from  a  point  just  south  of  the  mouth  of  Lou  creek. 
Dallas  creek  is  in  the  far  distance  to  the  left,  the  eastern  ex- 
tension of  the  Unconipahgre  plateau  in  the  distance  to  the 
right  the  highest  i>oint  on  the  skyline  being  Horsefly  peak. 
The  low  hills  in  the  middle  distance  lie  between  Cow  creek  and 
the  ITncompahgre  river.  The  mesa  to  the  right  is  covered  with 
gravels  of  the  intermediate  stage;  the  terrace  in  which  Lou 
(•reek  has  entrenched  itself  in  the  foreground  corresponds  to 
the  level  of  the  outw^ash  deposits  of  the  last  stage  of  glaciation. 
The  photograph  is  from  a  hill  covered  with  coarse  gravel  cor- 
responding to  that  of  the  high  plain  seen  on  the  right  of 
flgure  2. 

Figure  2. — Looking  northwest  down  Cow  creek  toward  its  Junction  with  the 
Uncoinpahgre  river. 
View  is  from  a  point  just  south  of  Lou  creek.  The  lowest  terrace 
l)ordering  Cow  creek  and  coiTespondlng  to  that  of  the  valley 
train  of  the  last  stage  of  glaciation  Is  shown  In  the  middle 
distance.  The  mesa  to  the  left  belongs  to  the  old  valley  surface 
uiion  which  the  early  drift  and  gravels  were  deposited,  and 
corresponds  to  the  slope  on  the  right  which  descends  toward 
Cow  creek  from  Cimarron  ridge;  both  are  gravel-covered. 
Pai-t  of  the  I'ncompahgre  plateau  is  shown  in  the  far  distance. 

Plate  26. — Vncompahgre  Plateau  from  Horsefly  Peak  and  Ridge  extending 

Northward  from  Latter 

Figure  1. — Looking   northwest   across   Uncoinpahgre   plateau    from    Horsefly 
peak. 
The  early  drift  covering  the  peak  and  the  neighboring  hills  is 
shown  in  the  foreground. 

Figure  2. — Ridge  extending  northward  from  Horsefly  peak. 
The  ridge  is  coverwl  with  early  drift. 

Plate  27. — Looking  Southward  from  a  Point  4  miles  South  of  West  Baldy 

The  mountains  to  the  left  are  the  most  northwesterly  of  the  San  Juan  group. 
The  Inclined  mesji  to  the  right  has  exposed  upon  its  surface  at  Its  highest 
point  traces  of  ancient  landslide  debris  that  is  believed  to  have  been  derived 
from  the  adjoining  mountains  at  some  time  before  the  present  topography 
was  developed,  when  the  surfac*e  of  the  mesa  formed  part  of  a  continuous 
slope  from  the  mountains,  which  were  higher  than  at  present 


274      HOWE  *  CROSS GLACIAL  PHENOMENA,  SAN  JUAN  MOUNTAINS 

Plate  28. — Looking  yorth  up  the  Animas  Valley 

The  view  Is  fi-om  a  point  nbout  10  miles  south  of  Durnngo.  The  broad  terrace 
covered  by  the  gravels  of  the  last  valley  train  Is  shown  to  the  right ;  above 
It  Is  the  western  part  of  the  Florida  mesa,  a  corresiiondlug  level  being  shown 
to  the  left  The  hills  In  the  distance  consist  of  upturned  cretaceous  roc*ks 
directly  south  of  Durango. 

Platk  20. — Lookinff  Flouth  doicn  the  Animas  River 

The  view  Is  from  a  point  about  8  miles  below  Durango.  The  lowest  terrace 
and  Florida  mesa  ai-e  shown  on  the  left,  while  in  the  distance  still  higher 
gravel-covered  terraces  are  shown. 

Plate  30. — Tei^ninal  Moraines  of  the  Animas 

The  view  Is  from  the  west  and  shows  the  two  moraines  near  the  middle  of 
the  picture  lieyond  the  east  bank  of  the  river.  The  higher  gravels  of  the 
Florida  mesa  level  occur  on  the  prominent  bench  to  the  right  between  the 
moraines  and  the  high  ridge  forming  the  skyline;  the  southward  extension 
of  this  terrace  Is  shown  In  plate  81.  Thef  old  town  of  Animas  City  is  In  the 
foreground. 

Plate  31. — Looking  Southeast  across  the  Animas  Valley 

The  view  Is  from  a  hill  above  Anlinas  City.  The  two  moraines  are  shown  on 
the  left,  with  the  terraces  covered  with  outwash  gravels  beyond  them.  The 
level  of  the  prominent  terrace  above  the  low^er  ones  Is  the  same  as  that  of 
Florida  mesa,  shown  some  miles  below  In  plates  28  and  29.  The  site  of 
Durango  appears  at  the  extreme  right. 
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Introduction 


The  purpose  of  this  paper  is  to  describe  in  a  general  way  the  occur- 
rence of  certain  detrital  accumulations  in  the  southwestern  part  of  the 
Fnited  States,  and  to  suggest  a  line  of  investigation  which  apparently 
makes  clear  the  recent  geologic  history  of  that  region.  The  statements 
contained  in  the  paper  are  supported  by  evidence  which  must  be  here 
omitted  for  want  of  space.  On  the  other  hand,  the  fact  is  reco<rnized  that 
in  a  region  so  extensive  and  so  little  known  as  that  in  which  the  detrital 
accumulations  occur,  much  more  work  must  be  done  before  final  conclu- 
sions can  be  reached.  The  observations  on  which  this  paper  is  based  were 
made  mainly  during  rapid  reconnaissance  trips  in  western  Arizona, 
although  detailed  work  was  done  in  a  number  of  places  in  the  Southwest, 
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notably  in  Salt  River  valley  in  central  Arizona,  Owens  valley  in  eastern 
California,  and  in  the  Kio  Grande  valley  in  New  Mexico. 

GkOORAPHIC  DlSTRIBLTlOX  OF  DETRITUS 

Over  a  large  part  of  the  Southwest,  extending  from  New  Mexico  to 
the  Pacific  ocean,  detrital  material  fills  the  low  places  generally  and 
transforms  into  broad  detrital  plains  districts  which  might  otherwise 
have  very  uneven  surfaces.  In  Arizona,  where  the  writer  has  observed 
the  deposits  most  widely,  the  detritus  occupies  the  lowlands  to  the  south 
and  west  of  the  Colorado  plateau. 

There  are  three  general  topographic  provinces  in  Arizona — the  high 
Colorado  plateau,  which  occupies  the  northeasteni  part  of  the  Territory : 
the  low-lying  desert  plains,  which  occupy  the  southwestern  part;  and  an 
intervening  mountainous  region.  I^he  mountains  are  in  some  cases  rem- 
nants of  erosion  and  in  others  faulted  and  tilted  crust  blocks.  In  the 
mountain  province  the  valleys  are  narrow,  but  broaden  away  from  the 
plateau  and  merge  finally  into  a  detrital  plain  which  surrounds  the  com- 
paratively small  and  more  or  less  isolated  rock  mountains  of  the  plains 
region. 

Character  of  the  detrital  Formatioxs  . 

The  detrital  material  varies  greatly  from  place  to  place  in  physical 
character,  thickness,  and  general  field  relations,  according  to  the  manner 
in  which  it  was  accumulated.  Along  stream  coui-ses  and  in  regions  for- 
merly traversed  by  streams,  it  is  composed  of  sand,  silt,  and  water-worn 
pebbles.  In  the  alluvial  cones  and  slopes  at  the  base  of  the  mountains 
it  is  composed  of  angular  rock  fragments.  In  still  other  places  it  is  com- 
posed principally  of  clay,  suggestive  of  flood-plain  or  lake  deposit.  Owing 
to  the  arid  climate  of  the  Southwest,  there  are  few  permanent  streams, 
and  nearly  all  of  the  rock  waste  from  the  mountains  accumulates  at  the 
present  time  as  alluvial  cones  and  slopes  or  as  a  general  film  of  "wash'' 
over  the  surface  of  the  plains.  The  climate,  however,  has  not  always  been 
arid,  and  the  angular  material  usually  found  at  the  surface  is  no  indica- 
tion that  like  material  occurs  beneath.  In  many  places  wells  sunk  in  the 
detritus  to  depths  of  1,000  to  1,300  feet  have  penetrated  beds  of  very 
diverse  character.  Xo  uniformity  in  the  kind  of  material  or  in  the 
arrangement  of  constituent  parts  is  found  by  which  neighboring  de- 
posits can  be  definitely  correlated.  I  have  described  at  some  length  the 
composition  of  the  detrital  beds  within  a  limited  area,  Salt  River 
valley,*  and  have  shown  that  during  the  period  in  which  accumulation 
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:ook  place  the  streams  were  sometimes  depositing  sand  and  gravels  and 
sometimes  carrying  away  those  previously  deposited,  while  at  other  times 
he  fluviatile  material  was  buried  beneatli  mountain  wash. 

Means  of  Correlation 

Tlie  beds  are  unfossiliferous  and  for  the  most  part  are  diflScult  of 
iccess.  Filling  as  they  do  the  ancient  depressions,  they  occur  chiefly  in 
:he  lowlands  and  over  undissected  plains.  It  is  only  where  an  uplift  of 
recent  date  has  occurred  or  where  some  stream  has  cut  a  canyon  in  very 
recent  geologic  time  that  the  deposits  are  well  exposed.  For  these 
reasons  the  subdivisions  of  the  detritus  in  one  region  can  not  be  definitely 
.•orrelated  by  ordinary  means  with  those  of  a  neighboring  region.  It  is 
:herefore  of  the  greatest  importance  in  studying  these  deposits  that  some 
means  of  correlation  be  found.  Tn  the  couree  of  my  investigations  in 
A'estern  Arizona,  which  included  several  overland  excursions  and  a  river 
Lrip  from  the  mouth  of  the  Grand  canyon  8t)uthward  to  Yuma,  it  became 
3vident  that  an  investigation  of  the  detrital  formations  would  be  greatly 
iided  by  a  physiographic  study  of  the  Colorado  river.  A  brief  summary 
jf  the  physiographic  history  of  the  lower  part  of  the  Colorado  is  here 
jffered. 

liKNKUAL  Description  of  the  lower  Part  of  the  Colorado  River 

The  Colorado  river  emerges  from  the  Grand  canyon  at  the  edge  of  the 
Colorado  plateau  and  passes  in  succession  across  a  debris-tilled  valley,  the 
Li  rand  Wash  trough;  through  a  rock  gorge  known  as  Iceberg  canyon; 
icross  a  second  debris-filled  trough  near  Hualpai  wash ;  through  a  second 
rock  canyon  cutting  the  Virgin  mountains ;  across  the  debris-filled  Detri- 
lal-Sacramento  valley;  through  a  third  rock  gorge — Boul(l(»r  canyon — 
cutting  the  Black  ^lountain  range;  across  Las  Vegas  basin;  through 
Black  canyon  (see  plate  34),  and  thence  southward  through  a  succession 
Df  less  conspicuous  rock  canyons  and  detrital  basins.  In  selecting  its 
course  the  river  seems  to  have  shown  little  consideration  for  the  easiest 
lines  of  erosion.  It  has  disregarded  inountain  and  valley  alike.  From 
;a6ual  observation,  it  would  seem  to  have  chosen  about  the  roughest 
•ourse  possible.  These  facts  are  best  shown  in  the  accompanying  map, 
3late  32. 

Early  geologic  Events 

Xo  attempt  is  here  made  to  write  the  early  history  of  the  region 
through  which  the  lower  Colorado  river  flows,  further  than  is  necessary 
to  indicate  the  geographic  conditims  existing  at  the  beginning  of  the 
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period  of  detrital  accumulation.  Briefly  stated,  the  facts  bearing  on  this 
subject  are  as  follows : 

The  sedimentary  formations  of  the  Colorado  plateau,  still  represented 
by  a  thickness  of  several  thousand  feet  at  its  western  margin,  origi- 
nally extended  over  a  large  part  if  not  all  of  western  Arzona.  These  were 
removed  by  erosion,  the  underlying  crystalline  rocks  extensively  exposed, 
and  great  quantities  of  andesite  and  rhyolite  outpoured  over  a  large  part 
of  the  denuded  area,  to  a  maximum  depth  of  about  3,000  feet.  These 
lavas  were  later  extensively  eroded  and  broad  valleys  cut  through  them 
to  a  depth  of  3,000  feet  or  more.  Detrital-Sacramento  valley,  10  to  15 
miles  wide,  is  the  most  conspicuous  of  these  old  valleys  in  western  Ari- 
zona and  was  probably  formed  by  the  ancient  Colorado  river.  Entering 
Arizona  from  southern  Nevada  where  it  is  now  occupied  by  Virgin  river, 
this  valley  extends  southward  across  the  present  course  of  the  Colorado 
river  east  of  the  Black  Mountain  range  (see  plate  32)  to  the  mouth  of 
Williams  river.  The  detrital  basin  still  farther  south,  known  as  Great 
Colorado  valley,  through  which  the  river  flows  for  a  distance  of  about 
?5  miles,  is  the  southward  continuation  of  this  ancient  valley. 

Sometime  during  the  period  in  which  Detrital-Sacramento  valley  was 
formed,  a  displacement  of  several  thousand  feet  occurred  at  Grand  Wash 
fault,  accompanied  by  the  tilting  of  a  large  crust  block*  and  the  forma- 
tion of  Grand  Wash  trough.  This  trough  was  later  filled  with  detritus, 
while  the  upturned  edge  of  the  block  exposed  now  in  Iceberg  canyon  wae 
planed  off  by  erosion.  The  graded  surface  thus  formed,  consisting  in 
part  of  the  beveled  edges  of  upturned  strata  and  in  part  of  the  detrital 
filling,  now  forms  a  shelf  1,400  feet  above  the  river  near  the  mouth  of  the 
Grand  canyon. 

In  order  that  deposits  of  different  age  may  not  be  confused,  a  brief  ex- 
planation may  be  in  place  regarding  the  detrital  filling  of  Grand  Wash 
trough. 

Two  formations  occur.  The  older  one,  consisting  of  angular  unas- 
sorted fragments,  mainly  of  granitic  rock,  varying  in  size  from  sand 
grains  to  boulders  10  feet  in  diameter,  closely  resembles  the  detrital 
masses  accumulating  at  the  present  time  throughout  the  Southwest  along 
the  bases  of  the  mountain  slopes.  This  formation  contains  a  large 
amount  of  carbonate  of  lime  near  the  top,  occurring  in  part  as  a  cement- 
ing substance  in  the  detritus  and  in  part  as  a  sheet  of  travertine  200  feet 
or  more  in  thickness  and  nearly  free  from  detrital  matter.  The  younger 
detrital  deposit  is  several  hundred  feet  thick  near  the  mouth  of  the  Grand 
canyon  and  consists  of  water- worn  gravel  and  boulders  of  limestone, 

•  G.  K.  Gilbert :  U.  S.  Geological  Survey  WeHt  of  the  lOOth  Mer.,  vol.  3,  p.  54. 


EARLY   AND   RBOKNT   GfiOLOOIC    EVENTS  279 

rble,  quartzite,  argillite,  and  granite.  It  is  obviously  of  river  origin 
I  was  deposited  in  the  valley  which  the  Colorado  river  had  previously 
ded  in  the  older  detritus. 

Another  deposit,  probably  equivalent  in  age  to  the  older  filling  of 
md  Wash  trough  and  evidently  accumulated  before  the  Colorado 
er  was  established  in  its  present  course,  is  found  within  Detrital- 
n-amento  valley  near  the  mouth  of  the  Virgin  river  and  consists  mainly 
soft  beds  of  sand  and  clay  containing  gypsum  and  rock  salt.  Tlie 
urrence  of  gypsum  and  salt  in  Detrital-Sacramento  valley  at  this 
nt  is  not  easy  of  explanation  on  the  assumption  that  this  valley  was 
avated  by  the  Colorado  river.  It  is  possible,  however,  that  the  saline 
)osits  may  antedate  the  formation  of  the  valley,  and  that  the  ancient 
lorado  flowed  across  them  in  eroding  it,  just  as  the  river  in  its  present 
ition  crossed  them  in  eroding  the  recently  formed  canyons, 
rhe  suggestion  that  Detrital-Sacramento  valley  was  fonned  by  the; 
lorado  river  is  strengthened  by  the  observations  of  Huntington  aniJ 
Idthwait,*  who  show  that  after  the  first  period  of  faulting  of  the  Colo* 
lo  plateau,  represented  in  the  region  here  described  by  the  displact^- 
nt  at  Grand  Wash  fault,  which  formed  Grand  Wash  trough,  and  pre* 
us  to  the  last  period  of  extensive  faulting  and  the  uplift  of  the  Colo- 
lo  plateau,  a  considerable  area  north  of  the  Grand  canyon  in  the  vicin- 
of  Toqueville,  Utah,  was  reduced  to  a  peneplain.  The  Colorado 
teau  was  undoubtedly  much  lower  than  now  and  the  graded  plain  just 
cribed  near  the  mouth  of  the  Grand  canyon  is  probably  a  part  of  this 
leplain.  It  is  assumed  that  the  planation  may  have  been  acconi- 
ihed  by  the  Colorado  river  fiowing  at  that  time  across  the  plateau 
ion  north  of  its  present  course  and  thence  southward  through  Detrital- 
iramento  valley. 

KeCENT  OEOLOGIC   EVENTS 
ISTRODUCTORY   STATEMESTti 

V.fter  the  formation  of  the  Toqueville  peneplain,  the  second  faulting 
I  uplift  of  the  Colorado  plateau  occurred,  with  a  displacement  of  5,000 
t  or  more  at  Grand  Wash  fault.  Whatever  the  previous  course  of  the 
sr  may  have  been,  this  uplift  fixed  it  in  its  present  course  by  causing 
o  erode  the  Grand  canyon.  West  of  the  plateau  it  fiowed  across  Grand 
sh  trough,  thence  westward  through  the  Virgin  range  of  mountains  to 
previously  formed  Detrital-Sacramento  valley,  which  it  evidently  foL- 

Ellsworth  Huntington  and  J.  W.  Goldtbwalt :  The  Hurricane  fault  In  the  ToquevUlc 
rict,  Utah.  Harvard  Collection,  Museum  of  Comparative  Zoology  Bull.,  vol.  42, 
I. 
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lonned  southward  to  the  sea.  After  the  inauguration  of  the  Grand  can- 
yon, six  distinct  epochs  are  recognized,  as  follows,  and  more  detailed 
examination  may  reveal  others. 

CANTON  CUTTING  (1) 

The  fii-st  epoch  was  one  of  regional  uplift  and  active  erosion  in  the 
plateau  province.  During  this  epoch  the  Colorado  plateau  rose  to  some- 
thing like  its  present  altitude  and  the  Grand  canyon  was  cut  to  a  depth 
of  about  G,()00  feet.  The  area  west  of  the  plateau  remained  at  a  lower 
altitude,  but  was  probably  elevated  to  some  extent,  since  the  river  lowered 
its  channel  1,400  feet  or  more  beneath  the  previously  graded  surface  in 
Iceberg  and  Virgin  canyons.  The  amount  of  erosion  within  the  Detrital- 
Sacraniento  valley  was  probably  correspondingly  gi-eat,  but  little  can  be 
said  of  tliis  on  account  of  the  later  alluvial  filling  of  the  valley  which  has 
not  been  removed. 

GRAVEL   DEPOSITS  AND   LAVA   FLOWS 

After  the  canyon  had  been  cut  to  its  present  depth  near  the  western 
border  of  the  Colorado  plateau,  but  probably  not  to  so  great  a  depth 
farther  upstream,  some  change  occurred  which  caused  the  river  to  deposit 
sand  and  gravel  along  its  course  from  the  Grand  canyon  to  the  gulf  of 
California.  Xear  the  mouth  of  the  canyon  gravels  were  deposited  in  a 
narrow  valley  and  only  small  remnants  of  the  beds  remain  at  the  present 
time,  as  those  in  Grand  Wash  trough  previously  referred  to  as  the 
younger  of  the  two  detrital  formations  found  there;  but  in  the  broad 
Detrital-Sacramento  valley  immense  deposits  accumulated  to  a  depth  of 
2,000  feet  or  more.  Similar  deposits  were  formed  in  the  other  valleys  of 
the  Southwest  and  the  low-lying  parts  of  the  interstream  areas  were  built 
up  by  accumulations  of  angular  rock  debris  derived  from  near-by  moun- 
tains. Plato  33  is  a  photograph  taken  at  a  i)oint  where  the  detrital  plain 
meets  the  rock  slope  of  Hualpai  mountains,  and  illustrates  the  character- 
istic relation  of  the  detritus  to  the  mountain  slopes  throughout  western 
Arizona. 

The  extensive  aggradation  caused  some  of  the  rivei*s  to  wander  from 
the  valleys  formerly  occupied  by  them,  and  their  gravel-lilled  channels 
were  in  some  cases  covered  by  upland  wash.  A  notable  occurrence  of 
river  gravels  beneath  a  desert  plain  and  the  diversion  of  the  river  which 
deposited  them  has  been  described  by  the  writer  in  a  paper  on  the  under- 
ground water  conditions  of  Salt  River  valley,*  in  which  Salt  river,  now 
flowing  north  of  Salt  River  mountains,  is  shown  to  have  formerly  |>as$ed 
to  the  south  of  those  mountains. 


•  U.  S.  <Jcologlcal  Survey,  Water  Supply  and  Irrigation  Paper  no.  IW,  1905. 
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During  this  epoch  of  deposition  numerous  volcanic  eruptions  oc- 
curred. Sheets  of  basalt  are  included  within  the  gravels  at  numerous 
places  along  the  Colorado  river,  from  the  mouth  of  Grand  canyon  to 
Yuma.  In  some  places  they  occur  near  the  base  of  the  gravels  and  in 
other  places  near  the  top.  At  the  mouth  of  Williams  river  a  series  of 
eruptions  occurred  near  the  close  of  the  epoch,  the  molten  basalt  bursting 
upward  through  the  gravel  iilling  of  Detrital-Sacramento  valley  and 
spreading  over  its  surface.  One  of  the  vents  through  which  the  basalt 
issued  is  represented  by  a  large  volcanic  neck  exposed  in  Williams  canyon, 
and  some  of  the  lava  hills  in  Detrital-Sacramento  valley  a  few  miles 
north  of  this  canyon  appear  to  be  volcanic  necdcs.  After  five  sheets  of 
basalt,  each  one  several  feet  in  thickness,  had  been  formed  in  successitm 
on  the  floor  of  the  valley  and  each  one  buried  in  turn  by  a  few  feet  of 
sand  and  gravel,  a  flood  of  molten  rock  was  outpoured,  forming  a  thick 
sheet,  which  extended  completely  across  the  valley  and  probably  dammed 
the  river.  The  undissected  parts  of  this  sheet  indicate  an  original  thick- 
ness of  800  feet  or  more. 

A  dam  800  feet  high  thrown  across  the  Colorado  river  at  this  place 
would  create  slack  water  conditions  not  only  throughout  the  entire  length 
of  Detrital-Sacramento  valley,  but  far  into  the  Grand  canyon,  and  must 
have  facilitated  the  deposition  of  river  sand  and  gravel,  which  had 
previously  accumulated  in  the  valley  to  a  depth  of  more  than  1,000  feet. 
The  altitude  of  the  basalt  sheet  is  essentially  the  same  as  that  of  the  sur- 
face of  Detrital-Sacramento  and  of  the  sand  an^  gravel  remnants  found 
far  above  the  river  in  the  sides  of  Virgin  canyon  and  at  the  mouth  of 
Grand  canyon. 

.     CANTON  CUTTING  (2) 

A  second  epoch  of  canyon  cutting  was  brought  about  by  some  influence 
which  rejuvenated  the  streams  throughout  the  Southwest.  During  the 
oxtensive  aggradation  of  the  previous  epoch  some  of  the  streams  had  wan- 
flerod  far  from  their  old  channels  and  in  their  now  invigorated  condition 
cut  new  canyons,  while  others  ret»xcavated  wholly  or  in  part  the  old  filled 
valleys. 

The  course  established  by  the  rejuvenated  Colorado  river  was  appar- 
ently influenced  by  the  volcanic  dam.  An  outlet  had  evidently  been 
found  through  the  Black  Mountain  range  north  of  mount  Wilson,  and  the 
river,  abandoning  its  fonner  course,  remained  west  of  this  range  as  far 
•-outh  as  Williams  river,  where  it  cut  tlirough  the  western  edge  of  the 
basalt  sheet  and  returned  to  its  old  valley  after  establishing  a  new 
course  for  a  distance  of  about  125  miles.  A  more  difficult  course  could 
scarcely  have  been  selected.     Instead  of  reexcavating  its  old  channel 
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where  the  only  hard  rock  to  be  eroded  was  the  volcanic  dam,  it  eroded  four 
rock  gorges,  namely,  Boulder,  Black,  Needles,  and  Aubrey  canyons,  and 
crossed  four  debris-filled  basins,  namely,  the  Las  Vegas  wash,  Cottonwood 
valley,  Mohave  valley,  and  Chemehuevis  valley,  before  returning  to  its 
former  course  in  Great  Colorado  valley.  The  excavation  of  the  detritus 
in  the  basins  was  naturally  more  rapid  tlian  the  work  in  the  hard  rock  of 
the  ridges  separating  them,  and  the  result  is  the  curious  alternation  of 
short,  shai*p  canyons  and  basin-like  valleys  characteristic  of  the  Lower 
Colorado  river. 

Plate  34  is  a  photograph,  taken  in  Boulder  canyon,  showing  walls  about 
2,00Q  feet  high  and  illustrating  the  youthful  character  of  the  canyons 
eroded  during  this  epoch. 

A  sat  isf actor}'  explanation  for  the  passage  of  the  Colorado  river  through 
Boulder  canyon  is  yet  to  be  found,  as  the  mountain  ridge  is  apparently 
higher  than  the  volcanic  dam  supposed  to  have  caused  the  diversion  of 
the  river.  Several  possible  explanations  might  be  offered,  such  as  stream 
capture,  overflow  through  a  low  pass,  or  a  rise  of  the  mountains  across  th<^ 
river's  course.  The  latter  seems  to  be  the  more  probable,  from  the  fact 
that  the  Black  mountains  are  in  a  region  known  to  have  been  affected  by 
recent  faulting  and  block  tilting. 

DEPOSITION    OF    GRAVELS 

Some  influence  not  certainly  known  brought  the  second  period  of  ero- 
sion to  a  close  and  caused  the  river  for  a  second  time  to  fill  its  valley 
with  sand  and  gravel.  The  debris-filled  basins  in  which  broad  valleys 
had  been  excavated  while  the  canyons  were  being  cut  in  the  harder  rock 
were  again  filled  to  a  depth  of  about  700  feet.  These  deposits  occur  in 
the  terraced  bluffs  on  either  side  of  the  river  more  or  less  continuously 
exposed  from  the  mouth  of  the  Gravel  canyon  to  the  gulf  of  California. 

CAXYOX  CUTTING  (S) 

At  the  beginning  of  this  epoch  of  erosion  the  river  was  flowing  within 
narrow  limits  over  an  aggraded  surface  as  it  had  done  over  a  much  wider 
aggraded  surface  at  the  close  of  the  second  epoch  described  (epoch  6  of 
the  following  table).  Some  change  of  condition,  the  cause  of  which  is 
not  definitely  known,  caused  the  river  to  again  erode  its  bed,  reexcavating 
for  the  most  part  the  old  channel,  but  in  a  number  of  places  cutting  rock 
gorges  at  one  side,  as  at  Bulls  head  near  Fort  Mohave  and  at  Big  bend 
in  the  Needle  mountains. 

FORMATION    OF    FLOOD-PLAINS 

After  the  channel  had  been  cut  considerably  lower  than  the  present  bed 
of  the  river,  sand  and  gravel  for  the  third  time  accumulated,  the  action 
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continuing  to  the  present  time,  forming  broad  flood-plains.  The  river  is 
continually  filling  its  channel  and  changing  its  course,  either  gradually, 
by  lateral  cutting,  or  suddenly,  by  establishing  some  new  course  during  a 
flood.  The  rapidity  of  the  filling  is  indicated  in  many  places  where  the 
river  has  cut  laterally,  exposing  the  roots  of  trees  and  shrubs  now  buried 
to  a  greater  or  less  extent.  Many  places  were  noted  where  living  arrow 
weeds  are  standing  in  five  feet  or  more  of  silt.  In  other  words,  the  sur- 
face on  which  the  arrow  weed  had  begun  to  grow  had  been  built  up  5  feet 
or  more  during  the  life  of  that  shrub.  The  flood-plains  contain  numer- 
ous sloughs,  lagoons,  oxbow  lakes,  and  other  evidences  of  change  in  the 
river's  course. 

Correlations 

The  various  epochs  described  can  not  at  present  be  assigned  deflnite 
places  in  the  geologic  time  scale,  but  with  a  knowledge  of  their  order 
which  is  apparently  clear,  and  of  their  relative  duration,  which  detailed 
investigation  might  furnish,  the  establishment  of  any  one  in  the  time 
scale  would  give  relative  place  to  all.  Unfortunately  this  is  not  possible 
at  present,  although  a  probable  correlation  is  found  with  the  Gila  con- 
glomerate, which  has  been  referred  to  early  Quaternary.*  This  conglom- 
erate is  presumably  equivalent  to  the  great  detrital  accumulation  of  the 
l^wer  Colorado  river  region  (epoch  6  of  the  following  table),  the  corre- 
lation being  based  on  the  similarity  of  the  beds  in  composition,  physio- 
graphic position,  and  general  field  relations,  as  well  as  their  mutual  asso- 
ciation with  flows  of  basaltic  lava. 

If  this  detritus  and  the  Gila  conglomerate  are  correctly  referred  to 
early  Quaternary,  the  order  of  events  described  places  the  rise  of  the 
plateau  (4)  and  the  origin  of  Grand  canyon  at  or  near  the  close  of  the 
Tertiary  period,  and  the  filling  of  Grand  Wash  trough  (3),  which  ante- 
dates the  erosion  of  the  Grand  canyon,  in  the  Pliocene,  as  suggested  by 
Mr  Spurr.f  It  also  makes  the  great  masses  of  andesite  and  rhyolite  (2) 
equivalent  in  age  to  the  extensive  lava  flows  of  Oregon  and  Washington, 
which  Professor  Le  ConteJ  has  shown  were  outpoured  at  the  close  of  the 
Miocene. 

It  is  altogether  probable  that  the  history  as  here  outlined  is  imperfect 
and  will  be  modified  by  further  investigation.  It  is  possible  that  phe- 
nomena which  are  conspicuous  in  this  region  may  not  be  as  far-reaching 
as  they  seem  to  be,  and  that  events  of  great  importance  in  the  recent 

•  G.  K.  Gilbert :  Wheeler  Survey,  vol.  Ill,  1875 ;  Geolopry,  p.  540. 

F.  I*.  Hansome :  I*.  S.  Geological  Survey,  Professional  Paper  no.  12,  1003,  pp.  47-57. 
t  J.  K.  Spnrr :  U.  8.  Geological  Survey  Bull.  no.  208.  p.  132. 
;  Joseph  L6  Conte :  Am.  Jour.  8cl.,  3d  ser.,  vol.  7,  1874,  pp.  176-178. 
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geolojfic  hifitorv  of  the  Southwest  may  not  be  here  recorded.  It  is 
thought,  however,  that  the  Colorado  river,  flowing  as  it  does  through  the 
inidst  of  the  region  where  the  Quatei-narj-  deposits  have  such  great  devel- 
opment, is  likely  to  furnish  the  best  field  for  the  study  of  these  deposits. 

Tabulas  R£8um£ 


Deposition  epochs.  |  Eroflion  ^webs. 


"  10.  Formation  of  flood-plains ;  ac- 
cumulation stUl  in  progress. 


9. 1  Rejuvenation  of  streams ;  Ck>lorado 

river  lowers  its  bed  about  500 


5 


8.  Deposition  of  700  feet  of  sand 
and  gravel. 


7. 


6.  Widespread  aggradation  and 
volcanic  eruption ;  Colorado 
river  deposits  2,000  feet  or 
more  of  sand  and  gravel. 


feet 


Rejuvenation  of  streams;  Colorado 
river,  flowing  west  of  Black 
mountainii,  lowers  its  bed  2.000 
feet  or  more  and  cuts  Aubrey, 
Needles,  Black,  and  Boulder  can- 
yons. 


5 


Grand  canyon  eroded  to  a  depth  of 
about  6,000  feet;  Colorado  river 
flowing  in  Detrital-Sacramento 
valley. 

Rise  of  Colorado  plateau  and  dis- 
placement at  Grand  Wash  fault: 
origin  of  Grand  canyon. 


3.  Pliocene;  local  deposition;  flll-  '■ 

Ing  of  Grand  Wash  trough;  I 

erosion     of     Detrital  -  Sacra-  ' 

men  to  valley. 

I 

2 Gr^at  volcanic  activity ;  eruption  of 

I      aiide^ite  and  rhyolite. 
I 

1 I  Miocene ;  general  digradation. 
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Tntroductiok 


The  fertile  Vega  of  Granada  and  the  great  plain  of  Guadix  lie  re- 
spectively off  the  western  and  northern  flanks  of  the  Sierra  Nevada  and 
are  separated  from  each  other  by  the  much  lower  Sierra  Harana.  I^evel 
almost  as  a  floor,  on  their  borders  their  surfaces  incline  valley  ward  at 
low  angles,  producing  a  topographic  feature  most  common  in  Spain — the 
filled  valley  out  of  which  steep  mountain  ranges  rise  abruptly.  The 
material  with  which  these  valleys  are  filled  merits  a  fuller  consideration 
than  is  here  possible,  but  a  record  of  somewhat  hurried  observations, 
with  conclusions  drawn  therefrom,  may  be  of  value,  since  they  apply  to 
a  region  which  has  received  but  little  attention  from  geologists.  Yon 
Drasche,  who  visited  the  province  more  than  a  quarter  of  a  century  ago, 
has  furnished  the  best  description  of  the  deposits,  a  portion  of  which  he 
has  relegated  to  three  formations,  namely,  the  Alhambra  conglomerate, 
the  Block  formation,  and  the  Guadix  formation.*  In  the  Block  forma- 
tion, which  occupies  the  valley  of  the  Genii,  he  found  Miocene  fossils. 

*  Von  Drasche :  Geologlsche  Sklzze  dPR  HochKeblrgstheilcs  der  Sierra  Nevada  in 
Spanlen.     Jahrb.  d.  k.  k.  geol.  RelchHannt..  Bd.  29,  1870.  pp.  03-122,  pis.  yil-xll. 

XXV — Bull.  (jEol.  Soc.  Am.,  Vol.  IT,  1005.  (285) 
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and,  as  he  lielieved  the  beds  to  dip  l>eneath  thoBe  of  notably  different  type 
on  which  the  Alhambra  is  built,  he  gave  to  the  latter  deposits  the  name 
Alhambra  formation.  The  Giiadix  formation  is  areally  separate  from 
both  the  others,  though  partaking  of  the  characters  of  each.  The  map 
of  the  Spanish  Geological  Commission*  shows  the  greater  part  of  the 
three  formations  as  diluvial,  and  the  resemblance  of  the  Block  formation 
in  particular  to  a  glacial  deposit  is  certainly  most  striking.  Until  the 
writer  had  examined  numerous  localities  he  was  compelled  to  adopt  the 
view  that  local  glaciers  from  the  Sierra  Nevada  had  deposited  the  ma- 


PiouRB  1. — Map  of  the  Chtadio'  and  neighboring  FormatioHB. 

Modified  from  the  map  by  the  Spanish  Geological  CommlBslon.  The  mass  of  *ae 
Sierra  Nevada  Is  composed  of  crystaUlne  schists  of  Silurian  or  greater  age.  /,  Juraaolc ; 
T,  Trlasslc ;  N,  Neocene ;  P,  Pliocene ;  O,  Giiadlx  formation. 

terial,  and  it  appears  that  every  geologist  who  has  studied  the  district  has 
given  prominence  to  a  supposed  glacial  origin  for  the  formation.  Mo- 
raines in  the  valley  of  the  Genii  were  even  described  by  Schimper.f 
Bertrand  and  Kilian  J  state  that  the  lower  layer  of  the  Block  formation 
at  Talara  contains  calcareous  pebbles  which  are  polished  and  striata, 
and  they  quote  Taramelli  and  Mercalli  as  holding  this  opinion  of  a 

*  Sheet  no.  02,  Granada,  second  edition. 

t  Schlmpec :  Voyage  i;tologique  botanlque  au  Sud  d'Espagne,  1849. 

I  Bertrand  et  Klllan :  etudes  stir  len  terralub  secondalres  et  tertlartt  dann  kes 
provinces  de  (;renada  et  de  Malaga.  Mein.  de  I'Acad.  de  Sciences  de  Tlnstitut  NatSonal 
de  France,  t.  xxx,  p.  520. 


BLOCK   AND   Ar.HAMBRA   FORMATIONS  '287 

glacial  origin.  Von  Drasche,  while  explaining  away  the  moraines  of 
Schimper,  describes  a  great  block  scratched  and  polished  which  was 
found  near  the  Camino  de  los  Xeveros.* 

Description  of  the  Guadix  Formation 

the  block  formation 

For  a  study  of  the  Block  formation  one  has  only  to  go  from  the  Al- 
hambra  of  Granada,  past  the  Cemiterio,  into  the  valley  of  the  Genii. 
Immediately  after  passing  the  cemetery  on  the  crest  of  the  divide  be- 
tween the  Rio  Darro  and  the  Kio  Genii  the  change  in  the  deposits  is 
apparent.  From  a  loosely  consolidated  deposit  of  gravel  containing 
large  and  small,  well  rounded  pebbles,  mainly  of  a  single  type,  with 
maximum  size  a  few  inches  in  their  longest  dimension,  one  here  encoun- 
ters a  deposit  the  pebbles  of  which  are  dark  colored  diorites  and  gabbros, 
together  with  garnetiferous  schists,  fissile  mica-schists,  and  many  other 
crystalline  types  of  rock  foreign  to  tlie  immediate  neighborhood.  The 
siase  of  the  pebbles  also  varies  from  a  fraction  of  an  inch  to  boulders 
whose  dimensions  must  be  meaaured  in  feet.  There  is,  further,  to  be 
observed  a  noteworthy  frequency  of  faceted  boulders  which  in  shape  are 
not  to  be  distinguished  from  those  found  in  a  bank  of  glacial  till.  Many 
blocks  are  polished,  but  the  writer  was  unable  to  discover  any  on  which 
glacial  scratches  could  be  made  out.  On  the  dump  from  a  mining  shaft 
sharply  faceted  blocks  were  found  in  abundance  which  are  with  little 
doubt  derived  from  the  lower  layers  of  the  fonnation,  and  these  are  pol- 
ished in  a  noteworthy  manner.  The  surface  of  these  blocks  gives,  how- 
ever, the  impression  of  slickensides  rather  than  of  glacial  polish,  and,  in 
view  of  the  description  by  von  Drasche  of  such  forms  in  the  Sierra 
Nevada,  any  other  explanation  would  seem  to  be  superfluous. f  The 
source  of  the  blocks  is  clearly  the  slopes  of  the  Sierra  Nevada  on  which 
the  Genii  has  its  source. 

THE  ALHAMBRA  FORMATION 

The  Alhambra  formation  occupies  the  valley  of  the  Darro,  which  has 
its  rise  not  in  the  crystalline  rocks  of  the  Sierra  Nevada,  but  in  the 
Triassic  dolomite  of  the  Sierra  Harana.  The  uniformity  in  petrographic 
type  of  its  pebbles  and  their  smoother  contours,  find  in  this  their  explana- 
tion.    The  thickness  of  the  Alhambra  formation  can  be  little  short  of 


•  Loc  clt.  p.  121. 

t  "IMese  Scblefer  slnd  unRemeln  mttrbe :  cln  HAinmerschlag  auf  elner  fprofwen  Block 
Itti^t  denaelben  In  eln  Ilaufwerk  von  KriimmflachriKen  Flatschen  zerfallen,  die  auf  der 
gewSlbten  Fiiche  stets  elne  Art  Seldenglanz  zelgen.  Bs  schelnt  aU  ob  die  ganze 
iyrhieUrmnM  in  slcb  selbet  verrutscbt  wftre." 
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1,000  feet,  mainly  a  conglomerate  having  distinctly  water-worn  pebbles 
which  vary  from  a  fraction  of  an  inch  to  six  inches  or  more  in  length. 
Interbedded  within  the  formation  are  layers  of  fine  sand  and  loess-like 
material  which  changes  most  abruptly  to  the  conglomerate.  In  the  finer 
material  stratification  shows  plainly,  and,  while  generally  horizontal,  dips 
as  high  as  25  degrees  occur;  but  these  dips  are  in  the  narrow  portions  of 
the  valley  and  are  apparently  uniformly  in  the  direction  of  its  bottom. 

In  ascending  the  valley  of  the  Darro  along  the  old  post  road  from 
Granada  to  Guadix,  one  sees  great  thicknesses  of  the  loess-like  material, 
and  at  other  times  merely  thin  layers  a  fraction  of  an  inch  in  thickness 
may  be  followed  for  many  rods  along  a  horizontal  plane  within  the  con- 
glomerate. Not  infrequently  lenticular  forms  are  noticed  in  the  section. 
A  little  above  the  village  of  Huetor-Santillan  the  Alhambra  formation 
comes  into  contact  with  the  Upper  Triassic  dolomite  of  the  Sierra  Harana 
to  the  nortli  of  the  road.  The  Darro  valley  has  now  narrowed  to  such 
an  extent  that  the  same  dolomite  soon  appears  upon  the  other  side  of  the 
valley  as  well  and  the  Alhambra  formation  presently  comes  to  an  end. 
Its  steeper  dips  toward  the  valley  are  here  noticeable,  and  the  weathering 
of  the  dolomite  is  most  instructive  in  considering  the  origin  of  thd 
Guadix  formation.  Bising  in  steep  slopes,  the  dolomite  takes  the  form 
of  beetling  crags  whose  divisional  plains  have  been  largely  determined 
by  Joints,  while  at  the  base  of  the  cliffs  is  found  an  aggregation  of  larger 
and  smaller  blocks  already  arranged  imperfectly  in  trains  along  the  bot- 
toms of  small  gullies  or  barrancas.  The  first  heavy  shower  will  carry  a 
portion  of  these  blocks  down  into  the  Darro  valley,  rounding  the  angles 
on  the  soft  material.  An  observation  of  von  Drasche,  made  to  the  east 
of  the  divide,  is  that  the  larger  blocks  are  generally  found  near  the  lx>r- 
ders  of  the  formation. 

THE  GUADIX  FORMATION  OF  VON  DRASCHE 

Passing  over  the  divide  between  the  Darro  and  the  Farde  near  El 
Molinillo  and  descending  into  the  valley  of  the  last  mentioned  stream, 
after  passing  Diezma  we  obtain  a  view  of  the  broad  plain  of  Guadix, 
which  stretches  away  for  25  miles  to  the  base  of  the  Sierra  de  Baza  and 
appears  as  level  as  a  floor.  In  this  deposit  of  soft  material  the  Parde 
has  cut  broad  valleys  with  level  floors  and  steep  walls,  revealing  abun- 
dant sections  of  the  material,  which  has  characters  in  many  respects  the 
same  as  those  found  in  the  valleys  of  the  Darro  and  Genii.  It  is,  how- 
ever, as  a  rule  finer  in  texture,  with  larger  proportions  of  loess.  This 
loess  is  locally  filled  with  roots  and  brush  ("Xoah's  brush  heap"),  is  yel- 
low in  color,  and  altogether  quite  similar  to  the  loess  of  the  upper  Missis- 
sippi valley.     Throughout  the  ]oe«5s  is  very  perfectly  jointed  on  vertical 
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Mountain  of  hematite  in  middle  distance 


Figure  2.—'*  Bad  Laxd**"  TopoiiRAPiiY  ix  tiik  Valley  of  the  Farde 
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planes.  Within  the  finest  lo^ss  one  sees  in  vertical  sections  lenticular  areas 
of  finer  or  coarser  pebbles.  Small  aprons  of  talus  at  close  and  fairly  reg- 
ular intervals  border  the  river  walls  at  their  bases  (plate  35,  figure  2). 

Seen  from  the  heights  about  the  valley,  not  only  is  the  surface  of  the 
formation  notably  horizontal,  but  several  stages  of  lower  and  parallel 
planes  produce  sharply  delimited  shelves  wherever  the  river  has  opened 
the  formation  in  sections.  The  upper  layer  and  some  of  the  lower  ones 
show  a  rich  brown  color,  and  on  nearer  approach  are  seen  to  be  colored 
with  soft  hematite.  As  one  looks  to  the  southward  beyond  the  formation 
toward  the  distant  Sierra  Nevadas,  one  sees  rising  at  their  base  the  black 
mass  of  the  mountain  of  hematite  at  Alquife,*  and  it  is  difficult  not  to  as- 
cribe a  common  source  to  it  and  to  the  hematite  of  the  Guadix  formation 
in  an  earlier  ferruginous  deposit  situated  higher  up  and  in  the  Sierras 
themselves.  The  color  effect  in  the  general  view  from  below  Diezma  is  un- 
usually fine,  the  hematite  layers  standing  out  in  the  dissected  valley  floor 
like  pencil  lines,  with  the  black  iron  mass  of  Alquife  and  the  white  dolo- 
mite of  the  Alcohorra  (each  capped  by  a  Moorish  castle)  sharply  outlined 
against  the  gray  background  of  the  Sierra  Nevadas.  Wlicre  the  Farde 
has  cut  its  broad  valley,  patches  and  strips  of  green  appear  beneath  the 
diversified  and  picturesque  %ad  land"  topography  which  surrounds 
them.  The  labyrinth  of  lopss  columns,  eaten  into  by  the  sudden  rains, 
have  been  excavated  locally  to  furnish  homes  for  a  large  proportion  of 
the  peasant  population  in  the  district  (see  plate  36).  Plate  35,  figure  1, 
shows  the  abundance  of  irregular  boulders  upon  the  surface  of  the  forma- 
tion where  it  borders  upon  the  Sierra  Nevadas. 

Origin  of  the  Formation 

The  Guadix  formation  appears  to  l>e  largely  a  torrential  deposit  of 
material  derived  from  the  neighboring  Sierras,  with  local  characteristics 
restricted  to  the  individual  valleys  of  the  Genii,  Darro,  and  Farde,  and 
dependent  on  the  rock  material  which  is  in  place  near  the  headwaters  of 
those  streams.  The  material  is  coarser  near  the  borders  of  the  formation, 
while  loess  and  floating  material,  such  as  roots  and  brush,  are  more  char- 
acteristic of  the  central  and  presumably  quieter  areas.  To  account  for 
the  almost  perfect  horizontality  of  the  beds  within  the  central  areas,  it  is 
necessary  to  assume  the  former  existence  of  at  least  temporary  lakes 
within  the  valleys,  while  the  lenticular  forms  of  the  pebbly  material  in 
the  sections  indicate  that  streams  once  coursed  over  the  floor  of  material 
Mow.  Some  part  has  undoubtedly  been  taken  by  the  wind  in  depositing 
the  formation,  since  it  is  active  today  in  transporting  the  lighter  ma- 

*  See  an  article  by  the  author  treating  of  the  Iron  mines  at  Alquife. 
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terial,  but  its  role  would  appear  to  be  secondary  to  the  cloudbursts  and  the 
resulting  torrents  of  the  rainy  season. 

Such  an  alternation  of  conditions  as  is  indicated  by  the  material  of  the 
Guadix  formation  is  found  today  only  in  arid  regions  of  high  relief, 
^'here  the  rare  but  violent  storms  develop  the  torrent  and  the  phya  lake, 
and  where  the  wind  plays  an  important  part  in  transporting  the  surface 
material.  The  climate  within  the  province  of  Granada  is  today  semi- 
arid — the  fertile  Vega  of  Granada  being  an  oasis,  which  only  accentuates 
the  surrounding  aridity. 

Age  of  the  Deposits 

As  already  indicated,  Miocene  fossils  have  been  found  in  the  Block 
formation  of  von  Drasche,  and  as  has  here  been  shown,  torrential  de- 
posits are  forming  today  in  the  valley  of  the  Darro  and  elsewhere.  It  is 
probable  that  the  Guadix  formation  includes  beds  extending  without 
noteworthy  interruption  from  the  Miocene  to  the  present.  That  similar 
conditions  have  prevailed  from  even  earlier  times  might  be  inferred  from 
the  occurrence  of  a  conglomerate  of  Triassic  age  at  the  base  of  Alquife 
hill,  which  is  located  on  the  exact  border  of  the  Guadix  formation  and  at 
the  foot  of  the  Sierra  Nevadas.  This  conglomerate  includes  angular 
boulders  of  iron  ore  whose  dimensions  are  sometimes  measured  in  feet.* 

Torrential  Deposits  of  southern  Italy 

Deposits  remarkably  similar  to  those  of  the  Guadix  formation  border 
much  of  the  mountainous  coast  of  the  Italian  peninsula  and  Sicily. 
Above  Reggio,  in  Calabria,  blocks  of  granite  two  feet  or  more  in  their 
largest  dimensions  are  found  associated  with  similar  blocks  of  several 
other  crystalline  types  as  lenticular  forms  within  deposits  of  sand,  gravel, 
and  finer  material,  all  of  whicli  has  clearly  been  derived  from  the 
Calabrian  A|)ennines  inmiediately  to  the  east.  The  bedding  of  these  de- 
posits is  for  the  most  part  nearly  horizontal,  though  angles  as  high  as 
*^0  degrees  were  observed.  The  topography  of  these  deposits,  wherever 
dissected,  is  that  of  the  "bad  lands" — the  type  for  rain  erosion.  Such 
deposits  may  be  seen  to  even  better  advantage  to  the  westward  of  Messina, 
in  Sicily,  on  the  road  to  Castellaccio. 

The  intermittent  streams  (forrenti  or  fiumare),  which  are  so  char- 
acteristic of  southern  Italy,  have  dissected  the  deposits.  These  valleys 
are  wide  at  their  mouths,  with  broad,  flat  floors,  which  ascend  at  ex- 
tremely low  but  ever  increasing  grades  toward  their  heads,  where  the 
slope  rises  abruptly  like  a   wadi  to  form  an  amphitheater.     On   these 

*  WilliHiii  H.  Hobbs  :  Mining  in  Spain.    Tbe  Mining  World,  vol.  24,  ItKW,  pp.  109-110. 
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FiorBE  I.— Cavb  Dwellings  in  the  Guadix  Formation  at  Barbio  de  Santiago 


FiQUBK  2.— Rain  Ebosion  Forms  at  Barbio  db    Santiago 
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Fioi'BK  2. — Type  of  Croga-beddkig, 

)bRerved  Id  the  torrential  deposits  near 
Pontegrande,  lii  Calabria. 


pes  are  often  found  the  steep  pinnacles  with  pebble  cappings  so  eharac- 
istic  of  rain  erosion.  Other  deposits  and  erosional  forms  were  ob- 
ved  about  Taorinina  and  are  well  shown  from  the  summit  of  Mola. 
[n  the  summer  season  the  "fiumare"  are  dry,  the  pebble  floors  being 
lerally  utilized  as  highways  of  travel;  but  after  the  rains  they  bewme 
iring  torrents,  which  suddenly  rise  and  as  suddenly  subside.  At  Co- 
iza,  in  Calabria,  the  writer  was  fortunate  in  witnessing  the  trans- 
mation  of  the  Busento  (the  ancient  Buxeniim)  by  one  of  the  sudden 

doudbursls  charm-teristic  of  the 
region.  Crossing  the  river  by  tlie 
famous  Ponte  Alarico  in  the  face 
of  an  impending  shower,  the 
broad  river  floor  showed  a  mere 
thread  of  water.  When  the  storm 
had  burst  the  steeply  sloping 
Corso  of  the  city  became  trans- 
formed into  a  swift  current  bor- 
dered by  waterfalls  where  the 
steep  side  streets  entered.  Within 
a  half  hour  the  storm  had  passed, 
but  the  Busento  was  swollen  to  a 
iring  torrent  which  filled  its  bed  from  bank  to  bank.  A  few  hours  later 
presented  almost  the  same  appearance  as  before  the  rain. 
All  about  Cosenza  are  found  torrential  deposits,  including  round  peb- 
!8  and  boulders,  not  unlike  the  Alhambra  conglomerate  of  Granada, 
arly  identical  deposits  were  studied  at  Ilossano  and  at  Pontegrande, 
ir  Catanzaro,  in  Calabria.  At  the  last  mentioned  locality  the  deposits 
1  be  little  short  of  1,500  feet  in  thickness,  if  they  do  not  exceed  that 
ure.  The  boulders  included  are  of  many  petrographic  types  and  often 
"eed  a  foot  in  diameter.  Between  markedly  horizontal  layers  revealed 
the  finer  material,  cross-bedding  of  a  ty])e  often  seen  in  ancient  sand- 
•nes  is  well  displayed  (figure  2).  In  this  type  we  find  between  thick 
rizontal  layers  intercalated  beds  in  which  the  bedding  makes  a  nearly 
iform  but  relatively  large  angle  with  the  layers  which  inclose  it. 
At  Rossano  the  torrential  deposits  are  locally  faulted  in  the  manner 
iwn  in  figure  3.  Through  these  deposits  the  crystalline  formations 
'asionally  project  on  steep  walls.  High  uj)  the  valleys  toward  the 
'sts  of  the  older  rocks  the  generally  horizontal  bedding  is  lociilly  re- 
iced  by  steeply  dipping  layers,  which,  like  those  observed  in  Granada, 
?line  toward  the  valley.  Angles  as  high  as  45  degrees  have  been  ob- 
•ved.  Where  deep  dissection  has  been  produced  by  the  "fiumare,"  the 
!€p  walls  of  loosely  compacted  irxaterial  become  during  the  rainy  season 
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saturated  with  water  until  one  of  the  earthquakes  so  characteristic  of  the 
province  sets  loose  a  large  mass  to  slide  down  and  be  soon  dispersed  by 
the  torrent  below.  The  banks  of  many  fiumari  present  great  scars,  the 
freshness  of  whose  surfaces  furnishes  an  indication  of  their  relative  age. 
On  the  fiumare  Oliveri,  between  the  Calabrian  village  of  Aiello  and  the 
Tyrrhenean  coast  (a  distance  of  about  10  kilometers),  a  number  of  these 
great  scars  were  seen,  the  largest  caused  by  a  landslide  during  the  past 
year.  In  this  category  must  be  placed  also  the  mass  of  soft  rock  (which 
has  been  estimated  at  7,000  cubic  feet)  which  was  precipitated  from  the 
castle  rock  upon  the  town  itself  by  the  earthquake  of  September  8,  1905. 
The  torrential  deposits  which  border  southern  Italy  between  the  moun- 
tains and  the  sea  appear  to  be  in  part  of  Quaternary  age  (especially  those 
bordering  the  straits  of  Messina) ;  they  are  also  in  part  Recent,  and  in 
part  they  are  pre-Quaternary.  Cortese,  who  has  furnished  the  best  re- 
port upon  the  region,*  ascribed  much  of  the  Recent  and  some  of  the 


FiouRB  3. — Faulted  torrential  Deposits  at  Roatano,  Calalnria, 

Quaternary,  deposits  to  a  fluviatile  origin  through  the  agency  of  the 
torrenti,  and  stress  is  laid  upon  the  difficulty  of  delimiting  the  several 
formations.  The  occurrence  of  these  deposits  in  distinct  pianos  or  shelves 
on  tlie  seaward  side  of  the  Apennines  he  explains  by  the  existence  of  such 
topographic  forms  in  the  surface  of  the  underlying  crystalline  terrane; 
and  with  this  view  the  writer  is  in  full  accord. f 

Within  the  extensive  arid  regions  of  the  western  United  States  the 
present-day  importance  of  the  torrent  and  the  desert  lake  in  filling  the 
valleys  and  fashioning  the  topography  has  been  generally  recognized  by 
the  geologists  who  have  studied  the  region. 

Probable  torrential  Origin  of  many  Sandstones  and  Conglom- 
erates 

A  terrane  as  heavy  and  as  extensive  as  the  Guadix  formation,  when 
buried  l)eneath  later  deposits  and  cemented  into  sandstone  or  quartzite, 

*  E.  Cortese :  Descrizlone  ^reolo^lca  della  Calabria.  Memorle  descrlttiye  deUa  carta 
geologlca  d*ltalla,  vol.  Ix,  1805,  pp.  xxviil  and  310.  map  and  4  plates. 

t  See  the  colored  plates  of  the  work  cited  for  the  topographic  character  of  the  piani 
and  figure  19a,  on  page  185,  for  a  hypothetical  section. 
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must  figure  largely  in  the  formations  of  the  district  when  these  have 
been  exposed  upon  a  later  erosion  surface.  Such  a  formation  should  be 
bordered  by  a  fringe  of  coarse  breccia-like  conglomerate  giving  the  im- 
pression that  it  is  a  basement  layer,  and  perhaps  also  having  a  basement 
layer  of  the  same  or  similar  material.  It  should  be  characterized  by  in- 
cluded lenticular  areas  of  coarser  or  finer  material  and  by  layers  of  fine 
material  in  sharply  defined  films  and  plates  which  reveal  its  bedding. 
If  undisturbed  from  its  original  attitude,  its  bedding  should  be  generally 
horizontal,  though  with  a  gentle  centrally  directed  inclination  upon  its 
borders,  resembling  in  this  the  initial  dip  of  a  marine  formation.  Lo- 
cally, at  least,  it  may  show  a  type  of  cross-bedding  like  that  represented 
in  figure  3,  which,  though  often  observed  in  ancient  sandstones,  is  not 
adequately  explained  by  the  changing  currents  along  a  marine  shore.* 
In  its  finer-textured  portions  a  rectangular  jointing  will  be  likely  to  be 
found  characteristic,  and  minor  faulting  dating  from  a  period  when  the 
material  was  only  slightly  compacted  is  possible  (see  figure  3).  The 
great  variety  of  rock  type,  the  range  in  dimensions  of  included  pebbles 
and  boulders,  and  the  frequency  of  faceted  forms  among  them  may  sug- 
gest an  origin  of  the  formation  through  glaciation,  as  has  been  true  of 
the  massive  conglomerates  of  the  original  Huronian  of  Canada. 

Having  in  mind  the  fact  that  arid  conditions  prevail  today  over  about 
three-fifths  of  the  earth  surface,  the  study  of  the  torrential,  playa,  and 
eolian  deposits,  which  are  characteristic  of  desert  regions,  must  be 
brought  into  consideration  before  an  adequate  explanation  can  be  found 
for  the  masses  of  sandstone  and  conglomerate,  1,000  to  1,500  feet  and 
more  in  thickness,  which  exist  within  the  ancient  rock  formations  of  the 
globe.  It  is  but  natural  that  the  first  explanation  of  these  formations 
should  have  been  based  upon  geological  processes  which  are  most  famil- 
iar— those  concerned  in  the  erosion  of  tlie  land  areas  under  humid 
conditions  with  deposition  along  the  ocean  littoral.  Marine  sandstones 
should,  however,  be  relatively  thin;  for  it  would  appear  that  during  a 
transgression  of  the  sea  on  the  land  the  formation  of  sand  should  be 
limited  to  a  depth  not  far  below  the  wave  base — a  depth  measured  in  tens 
rather  than  in  hundreds  or  thousands  of  feet.  To  meet  this  diflBculty, 
the  theory  of  H-all,  that  depression  is  in  areas  of  deposition  adjusted  to 
the  material  deposited,  has  been  greatly  strained. 

The  dominance  of  ripple  marks  and  the  paucity  of  marine  fossils  just 
where  marine  life  should  have  been  most  abundant  are  facts  difficult  to 

*  Such  a  structure  Is  shown  In  y^reat  perfection  over  considerable  areas  by  the 
Cambrian  sandstone  exposed  In  the  picturesque  "Dalles"  of  the  Wisconsin  river  near 
Kllbourn  City,  Wisconsin. 

XXVI — Bull.  Gsol.  Soc.  Am.,  Vol.  17,  1006. 
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explain  on  the  theory  of  mAfine  origin  for  the  gfeat  sandstone  formations. 
The  enormous  expanse  of  sandstone  formations  fits  better  to  a  desert 
than  to  a  marine  theory  of  origin  along  the  ocean  borders.  In  the  Tri- 
assic  or  Newark  formation  we  And  beds  of  clay  of  clastic  origin  lacking 
marine  fossils,  together  with  conglomerates,  moraine^like  deposits  of 
debris,  great  beds  of  sandstone  and  conglomerate,  colored  clays,  and  beds 
of  salt  and  g}*psum,  all  alternating  witfi  marine  sediments.  Within  the 
sandstones  are  found  rainslrop  impressions  as  well  as  footprints  of  ani- 
mals, but  without  the  animals  themselves. 

In  the  Tertiary  deposits  of  the  Paris  basin  there  is  foimd  such  an 
alternation  of  marine  sediments  filled  with  moUusks,  with  clay,  gypsum, 
and  sandstone,  including  the  bones  of  land  animals,  that  it  is  little  wonder 
Cuvier  was  impelled  to  adopt  his  theory  of  earth  cataclysms  to  explain 
them.  Just  such  alternations  are,  however,  characteristic  of  the  deposits 
in  desert  regions,  where  the  torrent  and  the  playa  lake  are  found,  where 
the  surface  deposits  are  continually  shifted  by  the  wind,  and  where  the 
barrier  from  the  sea  is  at  times  broken  down*  At  such  times  the  land 
fauna  is  either  driven  away  or  destroyed,  and  in  the  latter  instance  a 
"bone  bed"  is  entombed  beneath  marine  deposits,  which  later  may  come 
to  the  light  and  their  territory  be  again  invaded  by  a  land  fauna. 

As  regards  the  more  ancient  sandstone  formations,  the  frequent  occur- 
rence of  an  abundance  of  angular  feldspar  fragments  to  form  an  arcoae 
indicates  a  secular  disintegration  of  granitic  rocks  under  essentially  arid 
conditions.  Such  an  explanation  has  been  applied  by  Pumpelly**  to  the 
Greylock  district  of  Massachusetts,  and  the  writer  has  found  striking 
illustrations  of  such  deposits  from  near  the  Massachusetts-Connecticut 
intei-state  boundary.!  The  recent  papers  by  Walther,t  Passarge,^  and 
Davis II  indicate  that  the  part  the  desert  has  played  in  geological  history  is 
to  rweive  givater  attention  in  the  future  than  it  has  in  the  past. 
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Introduction 


The  Cretaceous  which  underlies  the  Canadian  plains  is  so  nearly  un- 
disturbed that  no  great  difficulty  has  been  experienced  in  tracing  over 
large  areas  the  different  horizons  found.  Near  approach  to  the  Rocky 
mountains  is,  however,  accompanied  by  serious  foldings  in  the  strata,  so 
that  the  foothill  region  requires  detailed  study  before  the  formations  can 
be  accurately  mapped.  The  discovery  of  coal  at  several  horizons  renders 
this  folded  area  of  interest  on  account  of  the  many  chances  that  the  lowei- 
horizons  bearing  the  best  grade  of  coal  may  there  outcrop. 

The  reported  discoveries  of  petroleum  in  the  southern  portion  of 
Alberta  were  given  great  publicity  and  the  producing  fields  of  Colorado 
were  cited  as  examples  of  what  might  be  expected  at  almost  any  point 
along  the  front  of  the  Rocky  mountains.  The  desirability  of  a  study  of 
this  region  is  thus  quite  evident,  and  last  season  one  party  was  located 
in  the  foothills  south  of  the  main  line  of  the  Canadian  Pacific  railway. 
The  work  was  intrusted  to  Mr  D.  D,  Cairnes  and  considerable  progress 
was  made  in  his  examination.  To  correlate  the  several  formations,  fos- 
sils were  collected,  but  many  are  of  plants  which  have  not  been  studied  yet. 

•  Publisbecl  by  permission  of  the  Acting  Director  of  the  Geological  Survey  of  Can«dA. 
XXVII— Bull.  Geol.  Soc.  Am.,  Vol.  17,  1905  (295) 


296      D.  B.  DOWLING— CRKTACKOUS  SECTION  IN  SOUTHERN  ALBERTA 


Two  of  the  greater  folds  reveal  the  limestone  beneath  and  several  sec- 
tions were  made  of  the  total  thickness  of  Cretaceous  strata.     As  mv  own 
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work  for  the  last  three  seasons  has  been  within  the  mountains  on  rocks 
of  the  Kootanie  series,  I  can  with  some  certainty  correlate  them  with 
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Qe  of  the  lower  beds  found  in  this  section.  Previous  to  this  time  it 
med  doubtful  that  any  exposures  of  the  Kootanie  could  be  found  east 
the  mountains  or  that  the  correlation  with  the  Cascade  formation  of 
mtana  or  that  in  the  Black  hills  called  Lakota  could  be  safely  assumed, 
lis  seems  less  risky  if  the  Kootanie  occurs  in  the  section  here  discussed. 

PuovisioxAL  Subdivisions  of  the  Sections 

As  the  fossil  remains  have  not  been  critically  studied,  the  subdivisions  I 
ve  made  are  provisional  and  the  succeeding  remarks  are  put  forward 
th  the  hope  that  criticism  and  discussion  may  reveal  errors  or  misap- 
ehensions  on  my  i)art  which  if  left  unnoticed  might  prejudice  Mr 
lirnes  in  his  studv  of  the  area : 


^visional. 


monton. 


Dawson's  section. 


Cai rues'  section. 


Saint  Mary  river,  i  Sandstones     with      coal 
seams. 


Type  of  fossUs. 


Brackish  water  and 
plants. 


arpaw. 


Pierre. 


I 


Shale,  250  feet. 
Sandstone,  50  feet. 
Shale,  450  feet. 


[iith  river.    Belly  river. 


Sandstone,  750  feet. 
Colors— green,  blue,  yel- 
low, and  red. 


iggett. 


gle. 


I  I^wer  dark  shales.    Banded     sandstone     and 
!      clays,  250  feet. 


lorado. 


kota. 


Lijrht  colored  sandstone, 
50  feet. 


Sandy  shales  grading  down 
to  black  shales,  750  feet. 


K)tanie.         Kootanie. 


Light  colored   hard  sand- 
stone   rontrloinerate    at 
I       base,  loO  feet. 

I  Dark  sandstone  and  shale, 
I      with  coal  seams. 


Dark  brown  to  black  shale, 
225  feet. 


Marine. 


Fresh  water. 


Plants,  conifers,  and 
ferns. 


Carboniferous  limestone. 


Carboniferous  Limestone 

The  lowest  member  of  the  above  section,  the  Carboniferous  limestone, 
IS  by  Dr  G.  M.  Dawson*  made  to  include  the  black  shales  resting  on 
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them ;  but  the  finding  by  Mr  Cairnes  of  a  few  Belemnites  excludes  them 
from  the  Paleozoic.  The  limestone  here  formed  the  floor  on  which  the 
Mesozoic  sediments  were  laid  down;  but  in  the  many  contacts  observed 
at  various  places  throughout  Canada  the  floor  evidently  consisted  of  the 
overlapping  edges  of  several  formations.  The  crustal  movements,  how- 
ever, not  having  been  severe,  the  unconformity  is  not  conspicuous  and  is 
indicated  mainly  by  the  different  age  of  the  beds  in  contact  and  the 
varying  amount  of  the  time  interval  so  indicated. 

To  the  west  of  this  locality  there  are  two  troughs  in  the  mountains  that 
show  Mesozoic  rocks  resting  on  a  series  of  red  sandy  shales  and  buff 
quartzites  that  are  above  the  Carboniferous  limestone  and  seem  to  occupy 
a  horizon  similar  to  that  of  the  Minnelusa  and  Opeche  formations  of  the 
Black  hills.  These  probably  represent  the  top  of  the  Carboniferous  or 
early  Permian.  East  of  the  mountains  the  exposures  on  the  Peace  and 
Athabaska  rivers  and  in  Manitoba  show^  Cretaceous  resting  on  Devonian. 
Southward  in  the  Black  hills  the  section  is  apparently  complete. 

Fernie  Shale 

This  formation,  which  is  represented  by  225  feet  of  dark  brown  to 
black  shale,  seems  to  represent  the  eastern  margin  of  much  thicker  de- 
posits of  marine  origin  occupying  a  similar  position  in  the  mountain 
troughs  to  the  west.     The  finding  of  Belemnites  of  apparently  similar 
species  in  both  helps  the  correlation.     The  formation  is  traced  both  north 
and  south  along  the  Cascade  and  Bow  Kiver  trough  for  a  long  distance 
and  varies  somewhat  in  thickness.     On  the  Cascade  river,  near  the  outlet 
of  a  stream  from  Minnewanka  lake,  the  section  measured  1,600  feet. 
The  top  of  the  formation  is  here  difficult  to  define,  as  the  Kootanie  forma- 
tion in  the  lower  part  consists  of  brown  sliales  and  thin  bedded  sand- 
stones.    Few  fossils  were  found  in  the  exposures,  with  the  exception  of 
the  Belemnites  above  mentioned,  but  in  a  shallow  trough  at  the  east  end 
of  Minnewanka  lake  (formerly  Devils  lake)  ^Ir  McConnell  discovered  a 
bed  rich  in  marine  fossils.     These  have  been  described  by  Doctor  Whit- 
eaves.*    They  show  a  remarkable  similarity  to  the  fauna  of  the  lower 
part  of  the  Queen  Charlotte  Island  series,  the  'iower  shales"  of  Dawson. 
This  series  was  incorporated  by  him  in  the  Cretaceous,  but  the  general 
Jurassic  asf>ect  of  most  of  the  fossils  was  remarked  by  Doctor  Whit  eaves, 
although  he  accepted  the  stratigraphic  position  assijjned  by   Dawson. 
The  work  of  Messi-s  Stanton  and  Martinf  on  tlie  Jurassic  of  Cooks  inlet 
and  the  Alaska  peninsula  seems  to  show  conclusively  that  this  fauna  Ih^ 
longs  well  down  in  the  Jurassic.     Evidently  the  fossils  from  the   lower 

*  "ContribiitlonK  to  ranadlan  Paiipontology,"  vol.  i.  part  U. 
tBuU.  Geol.  8oc.  Am.,  vol.   10,  p.   402. 
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shales  are  from  two  formations  and  the  Queen  Charlotte  Island  series, 
if  again  studied,  might  allow  this  subdivision  to  be  made. 

Souhward  the  formation  has  l)een  traced  in  the  mountains  through 
a  succession  of  fault  blocks  to  the  Elk  River  coal  field  and  is  the  series 
there  called  by  Mr  McEvoy  tlie  Femie  shale.  Few  fossils  have  been 
L'ollected  from  the  southern  portion,  owing  probably  to  the  fact  tliat  the 
outcrops  of  these  soft  beds  are  partly  concealed,  but  from  near  the  raining 
town  of  Femie  Belemnites  and  Ammonites  were  obtained.  One  of  the 
latter  is  described  by  Doctor  Whiteaves  as  Cardioceras  canadense,*  This 
would  appear  to  be  Jurassic,  as  the  formation  is  continuous  and  bears 
the  same  relation  to  the  coal-boaring  Kootanie  series  above,  the  horizons 
should  be  but  little  below  that  from  near  Minnewanka  lake,  which  is 
correlated  with  the  lower  shales  of  the  Queen  Charlotte  islands.  These 
latter,  as  noted  above,  are  declared  to  be  well  down  in  the  Jurassic. 

The  deposits  at  Femie  consist  of  500  feet  of  sandy  argiilites  at  the 
base,  with  1,060  feet  of  black  and  brownish  shales  above.  Eastward 
through  the  Crows  Nest  pass  the  series  decreases,  and  at  Blairraore,  near 
the  edge  of  the  mountains,  there  is  only  700  feet.  Projecting  these  beds 
eastward  by  assuming  a  somewhat  uniform  decrease,  it  would  seem  that 
they  may  form  a  small  sheet  eastward  from  the  mountains,  the  edge 
approximating  a  line  southeast  from  near  the  Moose  Mountain  locality. 

KOOTAXIK 

Dark,  coarse  sandstone,  with  brown  shales  aud  coal  seams>  375  feet. 

This  sandstone  coal-bearing  member  of  the  Kootanie  is  the  represent- 
ative of  thicker  measures  in  the  type  locality,  and  all  the  fossils  ob- 
tained, on  which  the  discussion  of  the  age  of  the  formation  was  based, 
were  obtained  from  within  its  boundaries.  The  base  of  the  formation 
consists  of  hard  sandstones,  which  are  easily  traced,  making  a  convenient 
horizon  marker  for  the  base  of  the  formation.  Above  the  coal  seams 
there  is  a  persistent  horizon  of  conglomerate,  and  in  the  sandstones  suc- 
ceeding it  plants  of  the  Dakota  type  have  been  found,  so  that  the  con- 
glomerate band  for  practical  purjjoses  is  taken  as  the  top  of  the  forma- 
tion. The  thickness  on  the  Elk  Eiver  escarpment  of  this  formation 
measures  5,300  feet.  Eastward  in  the  Blairniore  district,  just  within 
the  mountains,  it  has  decreased  to  740  feet.  North,  near  Banff,  it  is 
3,900  feet,  but  in  the  section  under  discussion  there  is  but  375  feet  in- 
cluded between  beds  bearing  characters  similar  to  the  limiting  members 
within  the  mountains.  It  would  thus  seem  that  the  formation  might 
not  extend  much  farther  to  the  east  in  this  latitude;  but  to  the  south 

•  OtUwa   Naturalist,  vol.   xvil,   p.   (^^ 
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there  is  a  better  chance  of  some  of  tlie  beds  reaching  those  of  the  Cascade 
formation  of  Montana,  which  are  correlated  by  plant  remains  with  it. 

This  formation  is  of  great  economic  importance,  owing  to  the  rich  coal 
deposits  contained  within  its  beds.  On  Elk  river  there  are  22  seams, 
aggregating  216  feet  of  coking  and  steam  coal.  At  Blairmore  21  seam*^ 
of  a  total  thickness  of  125  feet,  and  at  Moose  moimtain  there  are  7,  two  of 
which  are  workable,  having  8  and  7  feet  of  coal  respectively.  In  Mon- 
tana, where  the  formation  seems  thinner,  one  workable  scam  is  found  near 
the  top  of  the  formation.  In  the  Black  hills,  coal-bearing  Ijeds  which 
seem  to  occupy  eroded  valleys  in  the  Jurassic  are  reported. 

Dakota 

Light  colored,  hard  sandstones,  with  conglomerate  at  base,  150  feet. 

As  no  fossils  were  here  detected,  these  sandstones  are  supposed  to  rep- 
resent the  horizon  that  is  above  the  conglomerates  of  the  basin  within 
the  mountains,  and,  as  the  formations  originally  constituted  a  continuous 
sheet,  the  supposition  will  probably  be  borne  out  by  the  subsequent  finding 
of  fossils.  On  the  north  branch  of  the  Oldman  river  Doctor  Dawson  ob- 
served a  bed  of  ash  rock  at  the  top  of  the  formation.  This  was  again 
more  extensively  developed  near  the  (/lows  Xest  pass.  The  Moose  Moun- 
tain locality  seems  to  be  beyond  the  limits  of  this  volcanic  ash  and  the 
formation  passes  to  a  black  shale  above,  which  is  probably  Benton.  In 
the  locality  just  mentioned  Doctor  Dawson  collected  from  the  sandstones 
just  below  the  ash  bed  plant  remains  similar  to  the  Dakota  flora,  and  on 
the  middle  branch  of  the  nortli  fork,  Oldman  river,  from  a  horizon  above 
the  conglomerate  beds,  a  series  of  plants  which  have  affinity  with  both 
the  Dakota  and  Kootanie — that  is,  of  five  species  recognized  a  fern  and 
two  conifers  occur  in  the  Kootanie  and  one  of  the  two  species  of  dicoty- 
ledons was  originally  described  from  the  Cretaceous  of  Vancouver  island 
generally  placed  at  about  the  Dakota  horizon. 

There  is  thus  in  tlie  thicker  i)art  of  the  formation  a  trace  of  the  change 
from  the  flora  of  the  Kootanie  to  that  of  the  Dakota. 

As  marine  beds,  mostly  shales,  holding  Benton  fossils  are  found  above 
the  ash  beds  at  the  localities  just  cited,  and  also  occur  in  the  Moose  Moun- 
tain section,  the  sandstone  series  beneath  should  represent  the  same  depo- 
sition, but  of  greatly  diminished  thickness  in  the  latter  locality.  The 
diminished  thickness  of  the  beds  in  the  Moose  mountain  point  to  a  pos- 
sible time  hiatus  between  the  top  of  the  Kootanie  and  the  base  of  the 
Dakota.  Attention  to  this  is  also  drawn  by  Mr  Ward  in  the  Black  Hills 
section.  The  complete  section  is  probably  ito  be  found  only  in  the  Rocky 
mountains.  Fresh-water  conditions  during  this  period  prevailed  in  Da- 
kota and  Montana  and  probably  along  the  western  margin,  but  northward 
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)n  the  Athabaska  river  the  Tar  sands,  representing  a  period  contem- 
>oraneoii8  with  the  Dakota  of  Manitoba,  have  a  marine  fauna.* 

On  the  Elk  River  escai'pment  shore  conditions  pi'evailed  for  a  consider- 
ible  time  after  the  inauguration  of  the  Dakota  period,  and  the  formation 
s  represented  by  a  great  thickness  of  conglomerates  and  sandstones. 

Colorado 

By  eliminating  the  recognized  formations  above,  there  remain  some 
r25  feet  of  a  succession  of  sandy  shales  and  shale  bands  grading  down- 
irard  in  the  section  to  black  shales  which  can  be  taken  as  representatives 
)f  the  Colorado  formation.  As  it  is  partly  littoral,  its  thickness  does  not 
leem  to  represent  the  deposition  of  the  entire  period,  and  thus  in  the  top 
)f  the  Dakota  is  probably  included  the  marginal  deposits  of  the  advanc- 
ng  shoreline,  concealing  a  probable  time  hiatus  at  the  top  of  the  Dakota. 

Montana  Formation 

Following  the  succession  as  delineated  by  Messrs  Stanton  and  Hatcher 
n  northern  Montana,  a  conspicuous  light  colored  sandstone,  60  feet  in 
ihickness,  may  be  called  the  Eagle  formation.  Above  this  250  feet  of 
)anded  clays  and  sandstones  would  be  the  Claggett  formation  or  "lower 
lark  shales"  of  Dawson's  southern  Alberta  section.  A  sandstone  forma- 
:ion  above  it,  with  a  thickness  of  750  feet,  holding  the  only  fresh-water 
fossils  found  in  the  section,  would  be  the  Judith  River  formation.  This 
atter  does  not  contain  in  this  locality  an  extensive  land  flora  and  there 
ire  but  slight  indications  of  possible  coal  seams.  The  shales  above  the 
sandstones  are  very  much  like  those  hitherto  called  Pierre,  and  the  only 
narine  invertebrates,  with  the  exception  of  those  from  the  Fernie  shales, 
collected  during  the  past  season  are  from  these  upper  shales  and  are  typi- 
cal Pierre. 

On  the  Bow  river,  east  of  Calgary,  the  Pierre  described  by  Doctor 
Dawson  includes  a  sandstone  series  about  50  feet  in  thickness,  which  is 
igain  found  more  largely  developed  on  the  Red  Deer  river  north.  In  the 
foothills  this  sandstone  is  200  feet  in  thickness  along  the  Bow  river 
md  is  sometimes  congloraeritic,  but  decreases  in  thickness  toward  the 
louth  and  is  only  about  50  feet  on  Sheep  creek.  It  consists  of  three  well 
narked  bands  of  sandstone,  which  maintain  their  character  through  this 
-ange  and  occupy  a  position  in  the  upper  third  of  the  formation.  The 
Pierre  described  by  Mr  J.  B.  Tyrell  on  the  North  Saskatchewan  con- 
tains intercalated  sandstone  beds  at  all  horizons  from  the  top  to  near  the 
>a8e,  and  all  bear  marine  fossils  of  Foxhill  type ;  so  that  as  a  formation 
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the  Foxhill  is  submerged  in  the  Pierre.  As  Mr  Stanton  wishes  io  call 
the  shales  above  the  Judith  river  the  Bearpaw  fonnation,  it  is  doubtful 
whether  the  Saskatchewan  deposits  should  be  included,  but  in  the  section 
here  discussed  the  name  could  be  used,  as  it  is  quite  similar  to  the  forma- 
tion in  Montana. 

Edmonton  Series 

The  sandstones  capping  the  Bearpaw  shales  contain  a  few  brackish 
water  shells  and  many  plant  remains.  The  thickness  of  the  brackish 
water  formation  as  distinguished  from  the  fresh-water  beds  of  the 
Tertiary  was  not  ascertained.  The  Edmonton  series  represents  the  top 
of  the  Cretaceous  and  includes  the  lower  part  of  the  Saint  Mary  River 
series,  which  is  a  part  of  the  Laramie. 

Summary 

The  Jurassic  sea  at  its  latest  stage  invaded  the  area  of  what  is  now  the 
Rocky  mountains  in  a  narrow  depression.  The  transition  beds  at  the 
base  of  the  Cretaceous  were  next  laid  down.  The  floor  over  which  the 
Cretaceous  was  spread  consisted  of  various  formations,  forming  an  over- 
lapping series  increasing  in  age  toward  the  northeast.  The  early  Ju- 
rassic sea  was  narrow,  or  at  least  exttmded  not  far  east  of  what  is  now 
the  Rocky  Mountain  area.  Land  conditions  prevailed  throughout  por- 
tions of  the  Kootanie,  and  the  greatest  deposition  of  detrital  matter 
and  remains  of  an  abundant  flora  occur  in  the  same  depression.  In  the 
later  part  of  the  Kootanie  time  the  deposits  extended  possibly  south- 
eastward to  the  Black  hills.  This  period  is  closed  by  a  depression  in  the 
central  part  of  the  continent,  and  the  marginal  beds  of  the  sea,  which 
then  advanced,  form  the  Dakota  sandstone  on  the  eastern  margin.  On 
the  west  similar  deposits  seem  to  be  continued  from  the  Dakota,  by  way 
of  the  Black  hills,  to  the  mountains,  but  both  north  and  south  there  are 
evidences  of  salt-water  deposits  about  this  time.  The  Colorado  forma- 
tions here  indicate  in  the  upper  members  proximity  to  a  western  shore. 
The  Montana  formations  are  very  snnilar  to  those  near  the  Judith  river. 
Land  conditions  then  close  the  Cretaceous  time,  but  intermittent  en- 
croachments of  the  sea  continue  to  the  beginning  of  the  Tertiary. 

Note  by  the  Author 

Since  the  paper  was  sent  to  the  printer,  detenni nations  of  the  fossils 
have  been  received,  proving  the  Kootanie  age  of  the  lower  member,  but 
bringing  the  Edmonton  of  the  provisional  list  down  to  the  Judith  river. 
The  revised  section  will  be  found  in  a  forthcoming  report  by  Mr  D.  D. 
Caimes. 
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Introduction  and  Description 

Associated  with  strijE  and  other  evidences  of  glacial  abrasion  are  certain 
^^pes  of  rock  fracture.  These  have  been  classified  and  described  by 
liamberlin  in  his  "Rock-scorings  of  the  great  ice  invasions."!  The 
aree  principal  types  are  chatter-marks,  crescentic  cracks,  and  crescentic 
ouges.  All  of  these  are  so  associated  with  glacial  sculpture  and  stria- 
ion  as  to  indicate  that  they  are  of  glacial  origin.  They  all  occur  charac- 
^ristically  in  sets,  the  members  of  each  set  succeeding  one  another  in 
le  direction  of  ice  motion  and  each  individual  marking  having  its  longer 
His  athwart  the  direction  of  ice  motion. 

Chatter-marks  and  crescentic  gouges  have  a  common  character,  in  that 
ich  is  characteristically  a  shallow  furrow  with  crescentic  outline.  In 
•escentic  gouges  the  conyexity  of  the  crescent  is  usually  turned  forward ;  J 
I  chatter-marks  it  is  usually  turned  backward.  Chatter-marks  are 
osely  associated  with  grooves  engraved  by  boulders.  Crescentic  gouges 
re  not  thus  associated;  they  frequently  occur  on  surfaces  exhibiting  no 
:her  marks  of  glaciation  except  fine  striae  and  polish. 

*PY]bllslied  by  pennisslon  of  the  Director  of  the  U.  S.  Geological  Survey. 
tSeventh  Ann.  Kept.  U.  S.  Geological  Survey,  pp.  218-223. 

tin  this  paper  the  words  forward  and  downstream  are  used  to  indicate  the  direction 
ward  which  the  glacier  moves  or  moved,  and  backward  and  upstream  to  Indicate  the 
»poffite  direction. 

XXVyi— Boll.  Gkol.  Soc.  Am.,  Vol.  IT,  1906.  (303) 
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The  features  called  crescentic  cracks  are  vertical  fractures  of  the  rock 
without  the  removal  of  fragments.  They  are  usually  curved  in  plan,  with 
the  concavity  turned  forward.  Their  orientation  thus  relates  them  to  the 
chatter-marks^  but  they  are  independent  of  grooves. 

An  approximate  understanding  of  the  glacial  chatter-mark  is  easily 
reached,  because  the  phenomenon  is  intimately  related  to  the  chatter- 
mark  of  the  machinist,  from  which  it  is  named.  The  plowing  of  a 
groove  in  a  brittle  substance  is  not  a  continuous  process,  but  is  accom- 
plished by  making  a  series  of  fractures,  each  one  of  which  separates  a 
fragment  of  the  substance.  Each  fracture  is  preceded  by  a  condition  of 
strain  and  stress,  and  these  are  relieved  by  the  fracture.  The  resistance 
to  the  grooving  tool  is  thus  essentially  rhythmic,  and  if  the  tool  is  slender, 
or  is  not  firmly  supported,  a  vibratory  motion  is  set  up  (with  chattering 
sound)  and  the  groove  becomes  a  succession  of  deep  scars.  When  the 
grooving  tool  is  a  hard  boulder  held  in  a  slow-moving  body  of  ice,  and 
the  thing  grooved  is  a  brittle  rock,  the  remaining  condition  for  rhythmic 
action  is  probably  found  in  the  elasticity  of  ice  and  rock,  which  permits 
the  development  of  strain  and  stress  before  each  fracture. 

The  crescentic  crack,  being  vertical,  is  presumably  a  result  of  tensile 
stress  parallel  to  the  rock  face.  As  the  glacier  moves  forward  it  tends, 
through  friction,  to  carry  the  bed-rock  along  with  it.  If  the  friction  on 
some  spot  is  greater  than  on  the  surrounding  area,  the  rock  just  beneath 
that  spot  is  moved  forward  in  relation  to  the  surrounding  rock  through  a 
minute  but  finite  space.  This  relative  movement  involves  compression 
about  the  downstream  side  of  the  affected  rock  and  tension  about  its  up- 
stream side,  the  magnitude  of  the  stresses  depending  on  the  differential 
friction,  and  rupture  ensuing  when  the  tensile  stress  exceeds  the  strength 
of  the  rock.  Exceptional  friction  may  be  given  by  the  passage  in  the  ice 
base  of  some  substance  which  has  a  high  coefficient  of  friction  in  relation 
to  the  bed-rock ;  for  example,  if  the  glacier  base  contains  a  pocket  of  Band 
surrounded  by  clear  ice,  the  coefficient  of  friction  between  the  sand  and 
the  bed-rock  will  probably  be  much  higher  than  between  the  ice  and  the 
l)ed-rock. 

The  crescentic  gouge  is  less  easy  to  understand,  and  it  is  the  purpose 
of  this  communication  to  put  forward  a  hypothetic  explanation. 

Crescentic  gouges  have  been  observed  in  granite  and  other  massive 
plutonic  rocks,  in  sandstone,  and  in  limestone.  My  own  observations 
have  been  made  chiefly  in  the  granite  district  of  the  High  Sierra,  where 
opportunities  for  the  study  of  glacial  sculpture  are  exceptionally  good. 
In  some  localities  the  gouges  are  abundant,  and  in  most  districts  where 
glacial  polish  and  striation  are  preserved  they  can  be  found  by  a  few 
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ainutes'  search.  Since  my  attention  was  specially  directed  to  the  ques- 
ion  of  their  origin  I  have  examined  several  hundred.  A  locality  of  ex- 
eptional  abundance  is  represented  in  plate  39. 

In  length  they  measure  from  a  few  inches  to  more  than  6  feet,  measure- 
aent  being  made  in  a  straight  line  from  horn  to  horn  of  the  crescent. 
V^ithin  the  range  of  my  observation  chatter-marks  are  comparatively 
mall,  the  largest  observed  being  less  than  a  foot  in  length.  Solitary 
:ouges  are  often  seen,  but  in  the  majority  of  cases  they  occur  in  sets  of 
rom  two  to  six  or  seven.  Ordinarily  the  members  of  the  same  set  have 
bout  the  same  size,  but  in  a  few  cases  a  progressive  increase  was  ob- 
erved,  the  individual  most  advanced  in  the  direction  of  ice  motion  being 
argest.  It  seems  legitimate  to  infer  from  this  arrangement  in  sets  that 
he  cause  of  the  gouge,  whatever  it  may  be,  moved  fonvard  with  the  ice. 
Is  already  mentioned,  the  convexity  of  the  crescent  is  turned  forward ; 
nt  to  this  rule  there  are  occasional  exceptions.     Two  or  three  indi- 


lorRE  1.-  -Profile  of  Part  of  Glacier  lied. 

The  ar  ow  shows  the  direction  of  Ice 
lovcmenf.  Crescentlc  gouges  occur  on  as- 
?ndlng  8  opes,  from  a  to  h. 


Figure  2. — Diagrammatic  Sketch  of  Crcft- 
centic  Gouye. 

The  arrow  shows  the  direction  of  Ice  move- 
ment.    Compare  figure  3. 


idual/.  were  seen  with  the  concavity  turned  forward,  and  a  few  also  with 
fie  longer  axis  in  the  direction  of  ice  motion  (see  plate  38,  figure  1). 
'he  gouges  were  seen  only  on  the  upstream  sides  of  projecting  bosses 
figure  1).  They  are  not  restricted  to  the  bottoms  of  glacial  troughs, 
ut  occur  also  on  the  walls,  and  in  that  case  are  on  the  upstream  faces  of 
ilients. 

Conoid  Fractcjrb 

The  cross-profile  of  the  crescentic  gouge  (figure  3)  exhibits  an  angular 
otch  bounded  by  two  unequal  slopes.  The  slope  from  the  upstream  edge 
;  gentle,  that  from  the  downstream  edge  approximately  vertical.  This 
laracter  is  exhibited  in  all  parts  of  the  crescent  (figure  2).  The  gentler 
ope  radiates  from  an  axis  somewhere  within  the  curve  of  the  crescent  and 

essentially  a  portion  of  a  conoid  surface.  It  is  one  wall  of  a  fracture, 
r  crack,  which  does  not  end  at  the  bottom  of  the  gouge,  but  continues 
1  into  the  rock  to  an  undetermined  distance.  The  fact  that  the  vertical 
•acture  terminates  against  the  oblique  fracture  shows  that  the  oblique 
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was  first  made.  The  oblique,  or  conoid,  fracture  may  therefore  be  re- 
garded as  the  primary  product  of  the  causative  force,  and  the  vertical 
fracture  as  secondary ;  and  in  seeking  a  cause  of  the  phenomenon  I  have 
given  first  attention  to  forces  which  might  be  appealed  to  in  explanation 
of  the  conoid  fracture. 

There  is  another  conoid  fracture  with  which  geologists  are  familiar, 
the  fracture  often  made  in  obsidian,  or  other  homogeneous  brittle  rock, 

by  a  light  blow  of  the  hammer. 


This  is  sometimes  called  the  conoid 
ofpercussionCseefigure4).  Usually 
it  circles  com[>letely  about  its  axis, 
but  sometimes  it  is  one-sided.  Its 
relation  to  the  surface  struck  by  the 


FiGUBK    3.  —  Croat-section     of    Vrescentic 
Oouge. 

The  8ection  represented  is  from  ^   to  B  or 
C  to  D  of  figure  2. 


hammer  resembles  closely  the  relation  of  the  glacial  conoid  to  the  ex- 
ternal surface  of  the  bed-rock,  and  the  one  fracture  may  help  to  explain 
the  other.  The  conoid  of  percussion  is  caused  by  a  blow ;  that  is,  by  the 
instantaneous  application  of  pressure  to  a  small  area.     N^o  way  has 


FiorRE  4. — Diagvammatic  Sections  of  Fractures. 


The  horizontal  and  vertical  lines  represent  the  top  and  side  of  a  mass  of  rock  ;  /*i>. 
conoid  of  percussion,  the  causative  blow  being  struck  in  the  direction  indicated  by  tbn 
arrow ;  C,  conchoidal  fracture,  with  arrow  showing  direction  of  blow ;  O,  conoid  and 
▼ertical  fractures  of  crescentic  gouge,  with  oblique  arrow  showing  theoretic  direcUoD  of 
causative   pressure. 

occurred  to  me  in  which  a  glacier  can  make  such  a  fracture  by  means 
of  a  blow,  but  it  seems  possible,  as  1  shall  presently  explain,  that  a  glacier 
(ian  slowly  apply  considerable  differential  pressure  to  a  very  restricted 
area ;  and  there  is  some  reason  to  believe  that  suddenness  of  impact  is  not 
essential  to  the  production  of  conoid  fractures.  The  ordinary  con- 
choidal fracture,  which  is  a  near  relative  of  the  conoid  of  percussion,  is 
commonly  developed  in  brittle  rock  by  a  blow  struck  near  an  edge  (figure 
4) ;  but  it  is  also  produced  l)y  simple  pressure  in  the  manufacture  bv 
Indians  of  flint  and  obsidian  implements. 

In  a  single  instance  a  conoid  fracture  in  granite  was  observed  to  circle 
completely  around  its  axis   (see  plate  38),  thus  simulating  still    more 
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ItiHcly  the  conoid  of  percussion.  This  feature  occurs  in  a  glacial  trough 
ir'here  there  are  many  crescentic  gouges,  hut  it  is  not  connected  by  grada- 
ion  with  the  ordinary  gouges. 

Differential  Pressure 

As  a  glacier  moves  forward  its  under  surface  is  continuously  adjustcMl 
o  the  irregular  shapes  of  its  bed.  The  greater  inequalities  of  the  chan- 
lel  find  expression  on  the  upper  surface  of  the  glacier,  but  the  minor 
nequalities  do  not  affect  the  upper  part  of  the  ice  stream.  The  diagram 
figure  5)  represents  in  profile  a  projection  of  the  bed,  of  moderate  raag- 
dtude  in  relation  to  the  total  thickness  of  the  glacier.  The  adjustment 
»f  the  glacier  to  this  obstruction  affects  the  flow  lines  of  only  the  low^r 
trata  of  ice,  leaving  unaffected  all  above  some  limiting  plane,  A  /?. 
ielow  that  limit  the  lines  of  motion  first  ascend  and  then  descend  in 
massing  the  obstruction.  Tf  we  think  of  the  flow  lines  of  the  diagram 
s  separating  layers  of  ice,  then  each  layer  becomes  thinner  in  ascending 
nd  gains  thickness  in  descending.* 

A  large  boulder  embedded  in  the  glacier  close  to  its  base  is  not  reduced 
n  thickness  along  with  the  enclosing  ice  layers,  and  its  resistance  to  com- 
pression develops  differential  stresses  both  above  and  below  it.  These 
►ressures  tend  to  force  it  into  the  overlying  ice,  and  at  the  same  time  to 
orce  it  into  the  rock  bed.  As  the  rock  bed  effectually  opposes  the  down- 
ward motion  the  boulder  is  actually  forced  into  the  ice  body  above  it 
figure  6).  A  large  sliare  of  the  pressure  thus  brought  to  bear  on  the 
pper  side  of  the  boulder  is  transmitted  by  the  boulder  to  the  rock  bed  at 
heir  point  of  contact  or  approximation,  and  there  is  thus  a  concentration 
f  pressure  on  a  small  area  of  the  rock  bed.  This  concentration  con- 
inues  as  long  as  the  ice  about  the  boulder  is  undergoing  vertical  com- 
ression  in  passing  the  projection,  and  ceases  when  that  compression 

*Tho  Btatements  of  this  paragraph  are,  I  think,  indisputable,  but  they  are  quall- 
itlve  only.  In  making  a  diagram  to  illustrate  them  I  could  not  avoid  preHentlng  h 
icire  definite,  and  in  some  sense  quantitative,  conception  of  the  forms  of  the  flow  lines. 
Lit  of  the  accuracy  of  this  conception  I  am  by  no  means  confident.  Not  only  is  there  a 
ilrd  dimension  of  which  account  should  be  taken,  but  there  are  complicated  Intet*- 
rtions  connected  with  differential  velocity.  In  order  to  pass  through  the  diminished 
'OSS-section  above  the  projection,  some  of  the  lower  layers  of  ice  must  take  on  tempo- 
irily  a  higher  velocity,  and  that  acceleration  involves  l>oth  internal  resistance  and  basal 
ictlon.  The  conditions  affecting  these  resistances  are  notably  different  on  the  up- 
ream  and  downstream  sides  of  the  projection,  and  it  is  therefore  Improbable  that  the 
irves  of  the  flow  lines  are  symmetric.  Moreover,  the  diagram,  by  indicating  the  coni- 
'es«slon  of  the  lowest  layer  as  greater  than  that  of  any  other  layer,  assumes  that  that 
yer's  temporary  increment  of  velocity  is  greatest ;  and  this  again  assumes  that  the 
niporary  increment  of  basal  friction  is  not  greater  than  the  temporary  increment  to 
tearing  stress  of  the  Ice  In  planes  parallel  to  the  rock  surface — a  matter  as  to  which 

have   no   Information. 
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ceases.  It  begins  Bomewhere  on  the  upstream  slope  of  the  projection  and 
ceases  at  its  crest.  Thus  the  conditions  for  localization  of  pressure  )V 
this  method  have  the  same  distribution  in  relation  to  prominences  of  the 
rock  bed  as  that  observed  for  the  crescentic  gouges. 

If  the  ice  beneath  the  boulder  is  clear  of  debris,  it  is  probable  that  a 
hirge  differential  pressure  can  not  be  develoj)ed  without  causing  the  ice 
to  iiow  away  and  bringing  the  boulder  into  contact  with  the  rock  bed. 
The  result  to  the  rock  bed  of  such  contact  would  be  a  deep  scratch  or 
groove,  and  grooves  are  not  the  normal  associates  of  crescentic  gouge-^. 
It  seems  necessary,  tlierefore,  to  suppose  that  when  crescentic  gouges  were 
made  the  direct  contact  of  the  boulder  was  in  some  way  prevented — ^and 
the  means  of  prevention  is  not  far  to  seek.  If  only  the  sand  and  other 
fine  detritus  normally  abundant  in  the  base  of  a  glacier  be  assumed  to 
saturate  the  ice  beneath  the  boulder,  a  cushion  is  provided  quite  compo- 


FioruK  Q.—  Longitudinal  Section  of  lotccr 
Part  of  a  Q latter. 

The  section  la  supposed  to  be  at  a  point 
wliere  it  passes  a  projection  of  the  rock 
bed,  and  Illustrates  the  deflection  of  lines 
of  llow  and  the  temporary  compression  of 
the  lowest  layers  of  ice. 


FioruE  6. — Longitudinal  Section  of  lotrcr 
Part  of  a  Olacier. 

The  section  is  on  the  upstream  side  of  a 
projection  of  the  rock  bed  and  Illustrates 
the  chani^ing  relations  of  an  embedded 
boulder  to  the  system  of  flow  lines.  The 
ice  motion  is  from  riglit  to  left. 


tent  to  prevent  actual  contact  of  boulder  and  rock  bod  and  at  the  same 
time  transmit  the  pressure  of  the  boulder  to  a  small  area  of  the  ted. 

A  complete  discussion  of  this  hypothesis  would  include  a  mathematical 
analysis  of  the  mechanics  of  the  conoid  fracture.  Only  the  elastician  is 
competent  to  make  such  an  analysis,  and  I  have  not  attempted  it.  Xcver- 
thclcss,  as  I  have  not  been  able  to  ignore  altogether  that  asiKxt  of  the 
.subject,  I  shall  venture  a  few  lay  suggesticms. 

As  the  conoid  of  percussion  is  symmetric  about  an  axis  normal  to  the 
surface  receiving  the  blow,  and  as  the  conoid  of  the  crescentic  gouge  is 
asymmetric,  it  may  be  inferred  that  the  direction  of  the  force  producing 
the  latter  is  oblique  to  the  rock  surface.  In  a  general  way  all  pressuri^ 
of  the  ice  upon  glaciated  bed-rock  must  be  oblique;  otherwise  there  would 
be  no  forward  motion;  but  the  particular  pressure  to  which  appeal  has 
hcoii  made  in  connection  with  the  crescentic  gouge  is  the  result  of  a  com- 
pression of  the  ice  in  the  direction  normal  to  the  rock  face,  and  should  oe 
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regarded,  I  thiuk,  as  itself  normal.  If  this  view  is  correct,  some  other 
cause  must  be  sought  for  a  special  stress  component  parallel  to  the  rock 
face. 

I  think  such  a  cause  exists  in  differential  friction.  The  friction  per 
unit  area  of  the  glacier  on  its  rock  bed  at  any  point  is  the  measure  of  the 
force  there  applied  by  the  glacier  in  a  direction  parallel  to  the  local  rock 
surface.  It  varies  with  the  material  of  the  two  bodies  in  contact  and  is 
directly  proportional  to  the  force,  normal  to  the  contact  surface,  by  which 
they  are  pressed  together.  Therefore  during  the  period  in  which  the 
hypothetic  boulder  communicates  an  excess  of  pressure  to  a  small  area  of 
the  rock  bed,  the  same  area  experiences  a  proportionate  excess  of  sliding 
friction,  and  is  conscfjuently  subject  to  a  proportionate  excess  of  force  in  a 
direction  lying  in  the  plane  of  contact.  The  composition  of  this  force 
with  the  differential  force  normal  to  the  plane  of  contact  gives  a  resultant 
parallel  to  the  general  system  of  oblique  stresses  in  the  surrounding  ice. 
This  reasoning  appears  to  warrant  the  statement  that  the  differential 
pressure  occasioned  by  the  approach  of  the  boulder  to  the  prominence  of 
the  rock  bed  is  oblique  to  the  local  rock' surface  and  is  directed  forward. 

Deformation  and  Rupture 

To  obtain  an  idea  of  the  nature  of  the  deformation  resulting  from  the 
differential  pressure  just  mentioned  I  have  tried  a  few  simple  experi- 

/ 


FiGLRE  7. — Ideal  oblique  Vieic  of  oriffinally  plane  Rock  Surfme. 

Showing,  with  vertical  exaggeration.  Its  theoretic  deformation  under  the  external 
"tresH  caiiHlng  a  crescentlc  gouge.  The  arrow  shows  the  direction  oi  the  stress.  The 
Jlrectlon  of  Ice  motion  Is  from  right  lo  left.  The  position  of  the  conoid  fracture  Is  Indl- 
:ated  by  a  broken  line.  Compare  figure  8.  The  lines  of  the  drawing  are  parallel  e<iui- 
Jistant  profiles  of  the  deformed  surface. 

ments.  If  a  liquid  jelly  be  allowed  to  cool  in  a  large  bowl  it  assumes 
the  condition  of  an  elastic  solid  with  a  level  and  smooth  upper  surface. 
Pressed  by  the  ball  of  the  finger  its  surface  is  deformed,  the  hollow  under 
he  finger  being  surrounded  by  a  low  circling  ridge,  the  slope  of  which  is 
relatively  steep  toward  the  finger  but  very  gentle  in  the  opposite  direc- 
ion.  If  the  pressure  of  the  finger  be  made  oblique  the  ridge  becomes 
jtceper  and  higher  on  one  side  of  the  hollow,  and  is  correspondingly  re- 
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duced  or  even  abolished  on  the  opposite  side.  The  hollow  under  the  finger 
is  a  direct  result  of  the  pressure  and  the  curving  ridge  is  an  indirect 
result,  the  intermediate  factors  being  a  complex  system  of  internal  strains 
and  stresses. 

T  conceive  that  an  analogous  condition  obtains  in  the  rock  bed  as  a  result 
of  the  oblique  pressure  under  the  hypothetic  boulder;  that  there  is  a  cen- 
tral depression  of  the  surface  (figure  7) ;  that  this  is  margined  on  one 
side  by  a  curved  elevation;  and  that  there  are  internal  strains  and 
stresses;  but  the  strains  are  comparatively  small  and  the  slopes  of  de- 
formation are  very  gentle,  because  in  rock  the  strain  limit  is  quickly 
reached  and  rupture  ensues.  The  hypothesis  assumes  that  rupture  in  this 
case  is  initiated  in  the  surface  of  the  rock,  along  the  inner  slope  of  the 
curving  ridge  (figure  7),  and  ia  propagated  obliquely  downward,  forming 
the  conoid  fracture  (figure  8)  of  the  crescentic  gouge. 


Figure  8. — Theoretic  Deformation  of  Rock  beneath  a  Glucier. 

This  Ideal  section  Illustrates  the  theoretic  deformation  of  rock  beneath  a  glacier  by 
differential  pressure  in  connection  with  an  embedded  tx>alder.  The  arrow  Indicates  the 
direction  of  the  pressure.  The  direction  of  ice  motion  is  from  right  to  left.  The  conoid 
fracture  of  the  crescentic  gouge  is  shown  at  left  of  the  lx>ulder.     Compare  figure  7. 

In  the  absence  of  a  rigorous  analysis  of  the  stresses  associated  with  the 
deformation,  the  correlation  of  the  conoid  fracture  with  the  curved  ridge 
is  an  assumption  only;  but  having  made  that  assumption  it  seems  pos- 
sible to  base  on  it  certain  inferences  tending  to  throw  light  on  other  ele- 
ments of  the  gouge.  In  the  production  of  the  deformation  the  rock 
compressed  vertically  under  the  boulder  experienced  horizontal  dilatation 
whereby  the  ridge  was  pushed  up,  and  the  ridge  itself  experienced  hori- 
zontal compression.  The  region  of  the  fracture  was  thus  subjected  to 
horizontal  compression  just  before  the  rupture,  and  as  soon  as  the  fracture 
had  been  formed  the  wedge  of  rock  above  it  was  relieved  of  horizontal 
compression  and  recovered  its  original  horizontal  extent.  The  wedge 
had  also  kH?n  bent,  its  upper  surface  constituting  the  crest  of  the  ridge, 
and  when  it  was  detached  beneath  it  tended  to  recover  also  its  original 
unbent  form  by  lifting  its  edge.  This  change  was  resisted  by  the  pres- 
sure of  the  overlying  ice,  with  the  result  that  the  wedge  became  affected 
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by  the  stresses  of  a  bent  beam,  compressive  below  and  tensile  above.  To 
the  tensile  stress  along  the  upper  part  of  the  wedge  I  ascribe  the  vertical 
fracture  which  completed  the  gouge.  It  is  possible  that  more  than  one 
vertical  fracture  ordinarily  occurred,  dividing  the  wedge  into  several 
parts. 

The  position  of  the  vertical  fracture,  as  thus  explained,  is  conditioned 
(in  part)  by  the  distance  to  which  the  conoid  crack  penetrates  the  rock. 
I'oward  the  horns  of  the  crescent,  where  the  conoid  crack  vanishes,  the 
crack  probably  |>enetrates  less  deej)Iy,  and  the  vertical  fracture  there 
traverses  a  thinner  part  of  the  wedge ;  hence  the  cur\e  given  by  the  inter- 
section of  the  vertical  fracture  with  the  surface  is  not  concentric  with  the 
corresponding  curve  for  the  conoid  fracture,  but  meets  it.  Some  of  these 
relations  are  diagrammatically  shown  in  figure  2. 

It  is  worthy  of  note  that  the  two  fractures,  referred  respectively  to 
shearing  and  tensile  stresses,  differ  notably  in  the  textures  of  thoir  sur- 


rii.LUK  9. — Theoretic  Origin  of  Fractures 
producing  the  Cre^centic  Oouge. 

Thi8  Ideal  section  lIluHtrateM  the  theory 
<»r  orlfftn  of  fractures  producing  the  cres- 
centlc  gouge.  AB,  original  (longitudinal) 
profile  of  rock  bed ;  AFDB»  deformed  profile 
of  rock  bed  (with  exaggeration  of  curva- 
ture) ;  DGC,  conoid  fracture ;  FO,  vertical 
fracture. 


FloiJKi!.    10. — ThcuretU'    Origin    uf    tUv    vb- 

lique    and    vertical    Fracturcn    vf 

the  Crencentic  Oouge. 

This  diagram  Illustrates  the  alternative 

hypothesis   for   the   origin  of   the  oblique 

and    vertical    fractures    of  the    crescentlc 
gouge. 


faces.  The  conoid  fracture,  as  seen  in  figure  1  of  plate  37,  gives  a  rather 
smooth  surface,  and  that  produced  by  the  vertical  fracture  is  compar- 
atively ragged.  The  vertical  fracture  also  departs  from  regularity  more 
widely  than  the  conoid.  In  the  figure  just  mentioned  the  outlines  of 
two  of  the  vertical  fractures  more  nearly  resemble  right  angles  than 
circular  arcs. 

Since  the  writing  of  this  paper  it  has  been  examined  by  several  friends 
well  qualified  to  discuss  its  theoretic  part,  and  as  a  result  of  various  sug- 
gestions and  criticisms  a  number  of  passages  were  modified.  One  of  the 
niost  important  suggestions — but  one  which  1  was  unable  to  accept — in- 
eluded  the  following  alternative  hypothesis  for  the  origin  of  the  two 
fractures  delimiting  the  civscvutic  gouge.     I  quote:  "We  will  suppose 
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tlie  glacier  is  moving  in  the  direction  indicated  by  the  arrow  AA;  that 
the  rock  floor  is  indicated  by  //ff ;  that  the  boulder  FF  is  either  in  con- 
tact with  or  near  the  rock  floor.  Under  these  conditions  the  direction  of 
the  greatest  stress  would  be  indicated  by  the  arrow  BB,  being  the  result- 
ant of  the  weight  of  the  glacier  and  the  pressure  behind  the  moving  mass. 
Under  these  conditions  there  are  powerful  shearing  stresses  in  the  direc- 
tions BC  and  BD.  These  stresses  are  greater  adjacent  to  the  boulder 
bc»cause  it  is  a  rigid  body  and  is  able  to  transmit  forward  close  to  the 
rock  floor  the  pressure  of  the  ice  about  it.  At  the  place  where  there  is  the 
most  rapid  change  in  the  amount  of  compression  rupture  takes  place. 
Whether  the  rupture  occurs  in  both  the  horizontal  and  vertical  directions 
will  depend  upon  circumstances,  which  will  largely  depend  upon  the 
shape  of  the  rock  surface  and  the  position  of  the  boulder  and  its  shape. 
When  the  vertical  rupture  takes  place  alone  you  have  the  crescent ic 
cracks,  when  horizontal  rupture  takes  place,  followed  instantaneously  by 
the  vertical  rupture,  you  have  the  crescentic  gouges." 

Rhythm 

A  full  development  of  the  hypothesis  would  include  also  a  discussion   if 
the  occurrence  of  the  gouges  in  series,  and  this  likewise  requires  the  ex- 
pert knowledge  of  the  elastician.     If  I  again  venture  a  suggestion  it  is 
largely  in  the  hope  of  exciting  his  interest.     There  can  be  little  question 
that  each  series  of  gouges  represents  a  mechanical  rhythm  of  some  sort. 
In  a  large  group  of  mechanical  rhythms,  including  many  in  which  fric- 
tion plays  a  part,  a  force  uniformly  applied  accumulates  strain  and  stress, 
which  are  relieved  in  some  catastrophic  manner  whenever  they  reach  a 
certain  limit.     In  the  present  case  the  conoid  rupture  is  a  catastrophic 
event  relieving  some  of  the  internal  stresses  of  the  bed-rock.     The  jar,  or 
miniature  earthquake,  occasioned  by  it  and  radiating  from  the  point  of 
rupture  may  be  supposed  to  overcome  frictional  resistance  between  glacier 
and  rock  and  cause  a  sudden  slipping  along  their  contact  surface,  thus 
relieving  the  frictional  strains  and  stresses  for  some  distance  in  all  direc- 
tions.    The  boulder  instantaneously  moves  forward  to  a  new  position  with 
reference  to  the  rock  bed,  and  the  gradual  renewal  of  deformation  and  in- 
ternal strains  is  begun.     This  line  of  inference  leads  to  the  difficult  ques- 
tion whether  the  sudden  fon^'ard  movement  covers  only  the  fraction  of  an 
inch,  or  whether  it  may  be  of  the  order  of  magnitude  of  the  interval  be- 
tween gouges — from  a  few  inches  to  several  feet.     If  it  is  very  small, 
then  the  determination  of  the  gouge  interval  remains  as  one  of  the  ob- 
scure factors  of  the  hypothesis.     In  a  general  way  the  gouge  interval  is 
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related  to  the  gouge  length,  being  greater  when  tlie  length  is  greater,  but 
there  is  no  fixed  ratio  between  the  two.  No  measurements  were  made  in 
the  field,  but  photographs  show  a  range  in  the  ratio  from  about  1 : 3  to 
about  2 : 1. 

The  discussion  of  the  gouge  rhythm  also  suggests  the  possil)ility  that 
the  ordinary  movement  of  the  glacier  on  its  bed  may  be  rhythmic.  It  is 
certainly  conceivable  that  internal  strains  and  stresses  of  the  rock  and  ice 
up  to  the  limit  given  by  static  friction  may  be  locally  engendered  during 
periods  of  adhesion  and  then  relieved  by  momentary  slipping,  with 
sliding  friction  only. 

Resistance  of  Ice  to  Flowage 

The  crescentic  gouge  is  a  large  disruptive  scar  on  the  face  of  a  compact 
jointless  rock.  Any  hypothesis  to  account  for  it  must  provide  great 
force.  The  particular  hypothesis  liere  given,  instead  of  appealing  to  the 
ferential  stress  developed  by  the  resistance  of  the  ice  to  the  forcing  of  a 
boulder  into  it.  It  can  not  be  true  unless  the  ice  has  great  power  .)f 
resistance  to  flowage;  and,  conversely,  if  it  is  true,  the  ice  has  greater 
power  of  resistance  than  some  students  have  been  disposed  to  admit.  It 
is  generally  understood  that  cold  ice  is  more  rigid  than  ice  at  the  melting 
temperature,  but  the  hypothesis  is  not  concerned  with  cold  ice.  Doubt- 
less crescentic  gouges  are  made  under  cold  ice,  but  the  gouges  preserved 
for  our  observation  were  not  so  made.  Beneath  the  forward  part  of  a 
glacier  the  basal  temperature  is  the  temperature  of  melting  (as  condi- 
tioned by  the  pressure)  ;  and  as  a  great  glacier  wanes,  every  portion  of  the 
bed  is  in  turn  subject  to  the  action  of  its  forward  part.  The  finishing 
touches,  therefore,  the  surface  markings  and  the  small  details  of  sculpture, 
can  not  be  ascribed  to  ice  of  the  low  temperatures  theoretically  obtaining 
far  back  under  the  neve.  So  the  crescentic  gouges,  as  explained,  testify 
to  the  resisting  power  of  ice  at  the  most  favorable  temperature  for  flowage. 

Whether  we  regard  ice  as  a  plastic  substance,  or  whether  we  accept,  as  1 
do,  the  view  of  Chamherlin,  that  it  is  made  up  of  rigid  crystalline  grains 
and  flows  chiefly  by  interstitial  melting  and  regelatitm,  we  must  recognize 
a  relation  between  velocity  and  resistance  to  flow.  The  more  rapid  the 
flow  the  stronger  the  resistance.  Therefore  the  crescentic  gouges,  if 
they  have  been  properly  explained,  may  testify  also  to  relative  rapidity  of 
glacier  movement. 

Nomenclature 

The  word  "gouge"  connotes  a  process  of  formation  analogous  to  the 
work  of  a  chisel.     It  is  therefore  inappropriate  as  the  name  of  the  dis- 
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riiptive  scar  discussed  in  this  paper.  The  incongi-uity  is  heightened  by  the 
fact  that  it  might  with  propriety  have  been  applied  to  another  disruptive 
scar,  the  chatter-mark,  which  also  affects  glaciated  slirfaces  and  is  also 
usually  crescentic.  In  view  of  this  infelicity  of  nomenclature,  T  ha.e 
seriously  considered  the  use  of  "lunoid  furrow,^'  a  name  given  by 
I^ackard*  to  a  feature  probably,  but  not  surely,  identical  with  Chani- 
berlin's  "crescentic  gouge/*  Packard's  description,  supplemented  by 
a  description  by  Hitchcock,t  is  so  indefinite  that  Chamberlin  cau- 
tiously refrained  from  correlation;  but  the  only  definite  obstacle  to 
correlation  is  a  cross-profile  by  Hitchcock  in  which  the  relation  of  steeper 
and  gentler  slopes  is  reversed.  If  the  case  were  one  in  which  priority 
had  weight,  I  should  make  the  argument  for  correlation  and  use  Pack- 
ard's name;  but  the  instance  clearly  falls  outside  the  field  of  prior- 
ity, and  it  unfortunately  happens  that  the  connotation  of  Packard's  name 
renders  it  quite  as  inappropriate  as  Chamberlin's.  Not  only  is  the 
feature  not  a  furrow,  in  the  sense  of  having  been  plowed,  but  there  is  an- 
other feature  of  glacial  sculpture,  that  which  in  this  paper  is  called  a 
groove,  to  which  the  name  furrow  might  be  applied  with  much  propriety. 
The  third  alternative,  to  introduce  a  new  name,  I  have  avoided  for 
various  reasons.  A  really  apt  name  does  not  occur  to  me,  and  it  is  pos- 
sible that  foreign  studies  of  the  feature,  of  which  I  have  no  knowledge, 
have  provided  an  acceptable  name.  So  I  have  followed  the  nomenclature 
of  the  firsr  paper  known  to  me  which  clearly  distinguishes  the  principal 
tyi^es  of  disruptive  scars  of  glacial  origin. 


'American  Naturalist,  vol.  1,  p.  266. 
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Figure  2. — Gou(;es  ox  upstream  Side  of  Prominence 
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Expi^\XATiON  OF  Plates 
Plate  37. — Crescentic  Gouges 

rroniE  1. — Tyi)e  forms. 

The  dii-ection  of  Ice  motion  Is  indicated  by  the  arrow.  The 
arrow  also  indicates  scale,  being  one  foot  long.  The  nearest 
gouge  is  solitary;  most  of  the  others  arc  grouped  in  sets. 
The  blade  of  the  knife  is  inserted  in  the  conoid  crack. 
The  rock  face  pictured  inclines  toward  the  observer  at  about 
45  degrees.  The  material  is  granite.  The  locality  Is  near  th.^ 
base  of  mount  Huxley,  Sierra  Nevada,  and  is  in  the  upper 
basin  of  Evolution  creek,  a  tributary  of  San  Joaquin  river. 
In  the  upper  part  of  the  field  the  gouges  are  obscured  by 
lichens. 

Figure  2. — Gouges  on  upstream  side  of  a  prominence. 

The  arrow,  approximately  one  foot  long,  indicates  the  direction 
of  ice  motion.  Postglacial  disintegration  has  removed  the 
glacial  strite  and  polish  and  rounded  the  edges  of  the  gouge^^. 
The  rock  is  granite;  tlie  locality  is  the  North  fork  of  Kings 
river.  Sierra  Nevada. 
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Plate  38. — Disruptive  Soars  on  Oranite 

Figure  1.— Overlapping  and  Irregular  cresoentlc  gouges. 

The  arrow,  one  foot  long,  indicates  the  direction  of  ice  motion. 
The  roclj  face  curves  down  toward  the  foreground.  Kvolu- 
tion  creek,  near  base  of  mount  Huxley,  Sierra  Nevada. 

Figure  2. — Annular  scar. 

The  crack  occasioning  this  scar  extends  obliquely  down  in  all 
directions.  The  rock  face  is  nearly  horisK)ntal.  The  arrow, 
one  foot  long,  shows  the  direction  of  ice  motion.  Valley  of 
Evolution  creek,  above  Evolution  lake.  Sierra  Nevada. 

Plate  39. — Cresce^itic  Oouges  in  Tuolumne  Canyon 

The  part  of  the  canyon  represented  is  nearly  opposite  Wildcat 
point,  Sierra  Nevada,  and  is  approximately  in  latitude  37*  55', 
longitude  119°  27'.  The  canyon  floor  is  here  a  gigantic  stair- 
way ;  the  view  shows  the  tread  of  one  of  the  stairs.  The  direc- 
tion of  motion  is  shown  by  the  arrow.  The  glacier  reached  this 
spot  by  descending  a  slope  of  about  25  d^i*ee8,  and  here  began 
to  ascend  a  slope  of  2  to  5  degrees.  Another  steep  descent 
begins  at  the  extreme  left  The  gouges  are  so  numerous  that 
their  overlapping  obscures  their  arrangement  in  sets.  Some 
of  the  cracks  of  the  granite  are  probably  remnants  of  conoid 
cracks,  the  gouges  with  which  they  were  once  associated  hav- 
ing been  removed  by  subsequent  abrasion. 
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Statemext  of  the  Problem  studied 

In  glaciated  regions  I  have  several  times  encountered  an  aberrant  and 
muzzling  type  of  sculpture.  Inclined  surfaces,  so  situated  that  they  can 
Lot  have  been  subjected  to  postglacial  stream  scour,  are  sometimes  carved 
a  a  succession  of  shallow,  spoon-shaped  liollows,  and  at  the  same  time  are 
lighly  polished.  They  resemble  to  a  certain  extent  the  surfaces  some- 
imes  wrought  by  glaciers  on  well-jointed  rocks,  where  the  hackly  charac- 
er  produced  by  the  removal  of  angular  blocks  is  modified  by  abrasion; 
ut  they  are  essentially  different.  Instead  of  having  the  salient  elements 
reh  rounded  and  the  reentrant  angular,  they  have  reentrants  well  rounded 
nd  salients  more  or  less  angular;  and  they  are  further  distinguished  by 
he  absence  of  glacial  striee. 

An  example  appears  in  the  foreground  of  plate  40,  representing  the 
anyon  of  the  South  fork  of  the  San  Joaquin  river,  in  the  heart  of  the 
laciated  zone  of  the  Sierra  Nevada.  The  peculiarly  sculptured  spot  is 
igh  above  the  river. 

Origin  of  the  Rock  Sculpture 

The  key  to  the  puzzle  was  found  on  a  dome  of  granite  standing  at  the 
outhwest  edge  of  Tuolumne  meadow,  Sierra  Nevada,  just  north  of  the 
[•ioga  road.     The  dome  is  several  hundred  feet  high  and  in  general  is 
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smoothly  curved,  its  fonn  being  due  partly  to  exfoliation  and  partly  to 
erosion  by  the  deep  Pleistocene  ice^tream  of  the  Tuolumne  basin,  which 
passed  over  it  from  east  to  west.  On  the  southern  face,  where  the  general 
slope  is  about  20  degrees,  occurs  the  peculiar  flexuous  sculpture,  and  in 
close  association  with  it  are  several  potholes.  The  pothole  figured  in 
plate  41  has  its  ^mouth  about  40  feet  above  the  visible  base  of  the  dome, 
and  there  are  others  somewhat  higher.  They  are  not  to  be  explained  by 
any  conceivable  river  or  creek,  and  I  have  no  hesitation  in  ascribing  them 
to  moulin  work  at  some  stage  of  the  last  glaciation  of  the  district.  With 
their  aid  it  is  easy  to  recognize  the  associated  shallow  hollows  as  im}>er- 
fectly  developed  potholes. 

The  Moulin,  or  glacial  Mill 

A  moulin,  or  glacial  mill,  is  a  stream  of  water  plunging  from  top  to 
base  of  a  glacier  through  a  well  of  its  own  maintenance.  The  water  is 
derived  from  ablation,  has  a  course  on  the  surface  of  the  glacier  before 
reaching  the  well,  and  escapes  from  the  bottom  of  the  well  by  a  channel 
beneath  the  glacier.  The  well  originates  in  a  crevasse,  the  crevasse  re- 
sults from  a  strain  of  the  glacier,  and  the  strain  is  related  to  some  local 
deflection  of  the  ice-stream.  Initially  the  crevasse  must  extend  from  top 
to  bottom  of  the  glacier,  so  as  to  admit  and  transmit  the  water  stream. 
Afterward  it  is  closed  below  by  the  welding  of  its  walls,  except  where  the 
falling  water  maintains  an  opening.  The  opening  thus  acquires  a  cylin- 
dric  form,  and  is  completely  adjusted  to  the  water,  permitting  it  to  plunge 
downward,  with  little  or  no  deflection,  and  strike  the  rock  bed  with  great 
force.  As  the  glacier  moves  forward  the  moulin  is  carried  with  it.  After 
a  time  a  new  crevasse  is  opened  at  the  same  turn  of  the  ice  current;  it 
intercepts  the  stream  of  water  and  a  new  moulin  is  made;  and  the  earlier 
well,  being  deprived  of  its  water,  and  therefore  unable  to  resist  the  en- 
croachment of  the  quasi-plastic  ice,  becomes  sealed.  The  new  moulin 
and  others  after  it  repeat  the  course  and  the  history  of  the  first.  At  the 
base  of  the  ice  the  plunging  water  finds  boulders  and  sand,  and  with  these, 
its  familiar  tools,  attacks  the  rock  bed.  Some  detail  of  the  configuration 
of  the  bed,  the  presence  of  a  large  boulder  held  by  the  ice,  or  some  other 
local  condition,  permanent  or  temporary,  guides  the  water  in  such  way  as 
to  determine  scour  at  a  particular  spot,  and  a  shallow  hollow  is  made. 
As  successive  moulins  pass  the  spot  the  hollow  itself  serves  as  a  condition 
to  determine  further  scour  at  the  same  spot.  At  the  same  time  the  hol- 
low serves  to  prevent  scour  in  its  immediate  vicinity,  but  when  the  moulin 
has  moved  beyond  its  influence  another  hollow  may  be  initiated.     As 
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mouliii  follows  moulin  and  summer  follows  summer,  the  hollows  are 
deepened  and  assume  the  character  of  potholes.  As  I  understand  it,  a 
pothole  is  developed  only  where  rock  fragments  are  carried  round  and 
round  by  whirling  water.  Mere  impact  of  the  plunging  water  is  not  suflB- 
cient  if  there  is  no  inclosure  or  obstruction  to  determine  a  whirl.  After 
a  hollow  has  been  made  and  the  condition  for  a  whirl  thus  permanently 
localized,  the  whirl  may  be  maintained  by  violent  motion  of  the  water 
anywhere  about  its  rim;  so  that  the  deepening  of  the  pothole  progresses 
whenever  a  moulin  stream  strikes  near  it.  If  a  moulin  stream  of  pure 
water  strikes  the  divide  between  two  potholes  it  may  furnish  power  for  the 
simultaneous  drilling  of  both  holes  without  eroding  the  partition  between 
them. 

If  the  surface  conditions  of  the  glacier  are  such  that  successive  moulins 
follow  closely  the  same  track,  there  may  be  a  long  row  of  potholes,  and 
with  changing  conditions  there  may  result  either  parallel  rows  or  an 
irregular  distribution.  In  Tumer^s  classic  photograph  of  the  potholes  of 
Mokelunme  canyon  (plate  42)  at  least  three  parallel  rows  may  be  seen. 

The  imperfect  potholes  of  the  peculiar  flexuous  surfaces  may  some- 
times be  imperfect  in  the  sense  that  they  are  incipient,  but  the  greater 
number  are  probably  surviving  parts  of  potholes  that  were  once  complete. 
Just  as  there  are  one-sided  lake  valleys  and  one-sided  water  channels  where 
the  complementary  sides  were  of  Pleistocene  ice,  so,  I  think,  the  com- 
plementary parts  of  these  imperfect  potholes  were  of  ice,  more  or  less 
fortified  by  included  rock  debris.* 

After  the  water  of  the  moulin  has  reached  the  rock  bed  it  must  escape 
along  some  course  beneath  the  ice.  In  flowing  away  it  may  accomplish 
erosion  of  the  ordinary  type,  and  the  sculpture  resulting  from  stream 
erosion  may  therefore  be  associated  with  moulin  sculpture. 

^Hince  the  writing  of  this  paragraph  I  have  learned  that  the  same  explanation  was 
published  by  Von  Post  forty  years  ago.  BrOgger  and  RcuHch  cite  him  as  follows :  **The 
parta  now  wanting  in  what  now  appear  unflnished  kettles  he  believes  were  composed  of 
Ice ;  so  that  in  this  case  also  water  might  have  whirled  stones  and  rubbish  round  the 
Inislde  of  a  kettle  consisting  partly  of  rock  and  partly  of  Ice."  Quart.  Jour.  Geol.  8oc. 
London,  vol.  xxx,  p.  705,  1874. 
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Explanation  of  Plates 
Plate  40. — Moulin  Work,  San  Joaquin  Canyon,  Sierra  yevuda 

The  view  looks  up  the  canyon  of  the  South  fork  of  8au  Joaquiu 
river  toward  the  mouth  of  Evolution  creek.  The  rock  of  the 
foreground  Is  slate,  with  vertical  structure.  The  sculpture  of 
a  tract  In  the  foreground,  especially  the  siKM>n-shaped  hollows 
with  debris,  o,  &,  e,  Is  ascribed  to  moulin  action.  Just  beyond 
this  tract  the  profile  of  the  canyon  wall,  outlined  against 
trees.  Is  of  the  normal  glacial  type. 

Plate  41. — Moulin  Work,  near  Tuolumne  MeadowB,  Sierra  yevada 

The  view  looks  eastward.  The  general  direction  of  Pleistocene 
ice  movement  was  from  distance  to  foreground.  The  pothole 
in  the  foreground  is  nearly  filled  by  debris,  among  which  are 
highly  polished  lioulders.  The  pine  at  the  left  Is  rooted  in 
another  iiothole,  and  the  more  distant  pine  probably  occupies 
a  third.  At  various  points  beyond  the  nearer  pothole  the 
general  slope  is  Interrupted  by  Iraiierfect  potholes.  Tlic  gran- 
ite is  without  joints  and  wifbout  schlstosity.  The  lines,  sug- 
gestive of  structure,  which  descend  the  slope  are  6urfa^*e 
stains. 

Plate  42. — Moulin  Work,  Mokelumne  Canyon,  Sierra  yevada 

The  locality  is  under  the  north  wall  of  the  canyon  of  the  North 
fork  of  Mokelumne  river,  5  miles  northwest  of  Bloods  (north 
lioundary  of  Big  Trees  quadningle  of  V,  8.  Geologi(*al  Sur- 
vey Atlas).    The  view  looks  upstream. 

The  direction  of  ice  movement  may  be  assumed  as  iwrallel  to 
the  canyon  wall.  It  will  be  observed  that  a  consldemble 
number  of  the  potholes  are  arranged  in  rows  parallel  to  the 
canyon  wall.  There  is  a  row  of  four  holes  between  A  and  B, 
one  of  seven  holes  between  C  and  D,  and  one  of  four  holes 
between  E  and  F,  The  last  mentioned  row  possibly  begins  at 
O  and  Includes  eight  holes  between  O  and  F. 

The  photograph  is  by  H.  W.  Turner,  who  desc^ribed  the  locality 
in  the  American  Journal  of  Science  In  18!)2  (third  series, 
volume  44,  pages  453-454).  He  states  that  the  potholes  are 
about  250  in  number,  that  they  are  from  0  Inches  to  6  feet 
apart,  that  few  or  none  coalesce,  and  that  the  lowest  of  them 
are  20  or  30  feet  above  the  river. 
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Introduction 


In  the  lii^her  parts  of  the  Sierra  Nevada  the  dominant  rock  is  granite. 
By  reason  of  Pleistocene  glaciation  the  exposures  are  exceptionally  fine. 
Over  broad  areas  glacial  erosion  has  removed  the  products  of  decay,  layiag 
hare  the  unalteitid  rock,  and  large  portions  of  these  areas  are  free  from 
glacial  debris.  On  most  of  the  drift-free  surfaces  postglacial  decay  has 
made  little  progress  and  vegetation  has  as  yet  no  foothold.  In  many 
))laces  one  can  walk  for  miles  on  firm  granite,  and  tracts  of  ideally  perfect 
exposure  are  often  many  acres  in  extent.  Taking  account  of  the  further 
fact  that  the  summer  climate  is  usually  dr}%  I  regard  the  region  as  one  of 
the  finest  in  the  world  for  the  study  of  problems  associated  with  large 
bodies  of  granite. 

My  acquaintance  with  the  Sierra  granites  is  superficial  and  fragmentiiry. 
While  engaged  in  physiographic  and  glacial  studies  I  have  traversed  them 
on  several  lines,  and  finding  my  attention  attracted  by  some  of  their  coq- 
spicuouB  features  have  made  a  desultory  record  with  notebook  and  camera. 
As  I  am  not  versed  in  either  the  methods  or  the  lore  of  the  petrographer, 
it  has  not  seemed  best  that  I  attempt  either  to  round  out  my  field  observa- 
tions or  to  supplement  theiji  by  office  study,  and  this  publication  is  under- 
taken chiefly,  for  the  purpose  of  directing  attention  to  what  I  regard  as  a 
superb  field  for  the  study  of  the  mechanics  and  physics  of  large  plutonic 
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bodies.  The  publication  does  not  ooTer  all  my  observatione,  but  eelecis 
those  in  reference  to  certain  assemblages  of  crystals  and  inclusions.  The 
word  ^^granite^'  is  used  in  its  broadest  sense,  including  rocks  to  which  the 
discriminating  petrographer  would  give  seyeral  different  names. 

Feldspab 

One  of  the  broadly  developed  granite  types  of  the  Sierra  is  of  pale 
color,  being  composed  chiefly  of  feldspar  and  quartz,  with  moderate 
amounts  of  mica,  and  hornblende.  It  is  characterized  by  very  large 
phenocrysts  of  feldspar,  the  crystals  ranging  in  diameter  from  one  inch 
to  four  inches.  Ordinarily  these  are  scattered  through  the  rock  at 
intervals  ranging  from  two  to  four  or  five  diameters  of  the  phenocryst, 
but  there  are  many  spots  where  they  are  so  closely  aggregated  as  to  be  in 
actual  contact.  Such  aggregations  are  usually  from  a  few  feet  to  a  few 
yards  in  extent.  Their  boundaries  may  be  definite  or  indefinite.  They 
are  more  abundant  in  regions  where  the  phenocrysts  are  comparatively 
large.  The  one  represented  in  the  illustration  is  composed  of  crystals 
from  2V^  to  4  inches  in  greatest  diameter.  The  crystals  of  an  aggregation, 
although  in  contact,  do  not  interfere  one  with  another.  Their  inter- 
stices are  occupied  by  smaller  crystals,  like  those  of  the  general  mass  of 
granite.  These  characteristics  seem  to  me  to  indicate  that  the  crystals 
were  not  formed  in  juxtaposition,  but  were  in  some  way  assembled  aft^r 
completion ;  and  the  hypothesis  I  suggest  is  that  they  were  assembled  b}' 
gravity,  being  either  lighter  or  heavier  than  the  magma  from  which  they 
had  crystallized.  Their  great  size  is  favorable  to  the  hypothesis  that  they 
were  propelled  through  the  magma,  for  the  propelling  force,  differential 
weight,  is  proportional  to  the  cube  of  the  diameter,  while  the  resistance 
of  the  magma  is  proportional  to  the  square  of  the  diameter. 

Jjocalities  at  which  the  phenomena  have  been  observed  are  the  uplands 
about  Tuolumne  meadows,  and  the  vicinity  of  Cooper  meadow  on  the 
headwaters  of  Yuba  river.  The  locality  of  the  illustration,  plate  43,  is 
one  mile  and  a  half  east  by  south  of  McGee  lake,  in  latitude  37"*  53'.8, 
longitude  119^  24'.3. 

HOBNBLENDB 

Granites  of  light  gray  color,  but  somewhat  darker  than  the  last  men- 
tioned, exhibited  in  places  a  similar  assemblage  of  hornblende.  The 
hornblende  crystals  range  in  length  from  three-eighths  to  three-fourths 
of  an  inch.  The  largest  assemblages  seen  are  6  or  7  yards  wide  and  their 
limits  are  indefinite.  In  one  instance  there  is  a  definite  limit  on  one  side. 
Tlie  hornblende  crystals  are  not  so  closely  packed  as  are  the  feldspar 
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crystals  mentioned  above.  Here  again  the  hypothesis  offered  is  that  of 
gravitational  assemblage.  At  ordinary  temperatures  hornblende  is  20  per 
cent  denser  than  quartz  and  feldspar,  the  dominant  minerals  of  the  rock. 
If  the  same  ratio  obtains  at  the  temperatures  at  which  the  magma  con- 
gealed, the  phenocrysts  of  hornblende  might  sink  through  the  viscous 
magma  without  requiring  such  advantage  of  size  as  the  feldspars  possessed. 
The  locality  represented  in  the  illustration,  plate  43,  is  on  the  east  base 
of  mount  Silliman,  in  latitude  36**  39',  longitude  118°  41'.  Another 
locality  is  on  the  north  slope  of  the  dome  called  Liberty  Cap,  at  the  head 
of  Yosemite  valley. 

Banding 

A  third  phenomenon  with  which  I  am  disposed,  though  less  confidently, 
to  associate  gravity  is  a  banding  of  granite.  About  one  mile  south  of 
Cooper  meadow,  just  to  the  left  of  the  trail  leading  to  Upper  Eelief  val- 
ley (in  latitude  38**  13',  longitude  119**  49'.3),  there  is  a  body  of  granite, 
some  scores  of  feet  in  thickness  and  some  himdreds  of  yards  in  length, 
which  is  conspicuously  banded  throughout.  The  rock  is  of  rather  fine 
texture  and  composed  of  quartz,  feldspar,  mica,  and  hornblende.  The 
bands  are  alternately  dark  and  pale,  the  color  of  dark  bands  being  given 
by  the  dominance  of  hornblende  and  mica,  that  of  the  pale  bands  by  the 
dominance  of  feldspar  and  quartz.  They  range  in  width  from  one  inch 
to  nearly  or  quite  one  foot.  Some  of  the  dark  bands  are  darker  than 
others;  some  of  the  pale  bands  are  paler  than  others.  The  transition 
from  a  pale  band  to  a  dark  may  take  place  in  a  quarter  of  an  inch  or  be 
diffused  through  an  inch.  The  more  abrupt  transitions  are  from  a  pale 
band  below  to  a  dark  band  above.  Within  both  dark  and  pale  bands  the 
attitudes  of  minerals  seem  to  be  wholly  irregular.  There  is  no  parallel- 
ism of  orientation  and  nothing  about  the  rock  suggests  schistosity. 

Several  instances  of  unconformity  were  observed,  as  though  the  various 
bands  had  been  successively  deposited  and  the  history  of  deposition  had 
ixjen  interrupted  by  temporary  erosion.  Such  a  plane  of  unconformity 
appears  in  plate  44,  opposite  the  man's  wrist.  At  another  locality,  the 
southeast  base  of  Goat  mountain,  in  the  Kings  River  basin  (latitude  36° 
51'.3,  longitude  118°  34'.2),  unconformity  is  associated  with  a  discord- 
ince  of  dip  of  more  than  20  degrees.  I  did  not  there  see  the  rock  in  situ, 
>ut  the  banding  is  fully  and  characteristically  displayed  in  a  large  boul- 
ier.  Figure  i;  based  on  a  diagrammatic  field  sketch,  represents  a  portion 
)f  the  boulder. 

I  think  that  these  bands  are  n^i^  -  jy  apparently  but  actually  the  result 
)f  deposition',  and  that  the  uqq-^        tiiti^  ^^^^  ^^^  caused  by  erosion 
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and  subsequent  deposition.  When  the  phenomena  of  the  boulder  (which 
happened  to  be  first  observed)  stood  alone,  I  entertained  as  an  alternative 
tlie  hypothesis  that  the  unconformity  Mas  occasioned  by  the  fortuitous 
juxtaposition  of  parts  of  a  dislocated  body  of  banded  rock;  but  the  un- 
conformities of  the  Cooper  Meadow  locality  do  not  admit  of  that  expla- 
nation. In  each  example  the  bands  of  the  body  below  the  plane  of  un- 
conformity are  obliquely  transected,  while  the  bands  of  the  body  above 
the  unconformity  are  continuous. 

In  each  unconformity  tlie  lowest  band  of  the  upper  series,  that  which 
rests  directly  on  the  eroded  surface  of  the  lower  series,  is  one  of  the  dark 
bands.     This  fact,  taken  in  connection  with  the  fact  that  the  dark  bands 

-.^,H y^-^^^   -^fei>     ^     "^^  °^^'^  sharply  separated  from 

'^^i^i^^^^^l^^  ^^^  P^^  ^^"^^  ^^".^^  ^^^™  ,^^'^" 

.^i^S.;6fr^i|.ti^^^  fr<>'"  t^«  P*^l«   ^*"^^«  *b«^^  ^*»«"^' 

'^m^f^^J,^^^.^;^^  suggests  the  hypothesis  that  a  pair 

fi^-^:^,,^.,,,^^^  of  bands-dark    below   and   pale 

,     „    ^,         ^  ,,       "     ,    "^       above — constitute  the  unit  of  de- 

FiQUUB  1. — Banding  and  Unconformity  In  .   . 

Granite.  pOSltlOU. 

As  to  the  general  nature  of  the  deposition,  two  ideas  have  occurred  to 
me:  (1)  that  the  granite  is  mctamorphic  and  the  dark  and  pale  bands 
were  originally  aqueous  sediment ;  (2)  that  the  granite  is  igneous  and  the 
bands  were  deposited  from  and  partly  eroded  by  liquid  magma  in  motion. 
The  first  of  these  is  opposed  by  the  absence  of  schistosity,  by  the  fact  th.it 
tlie  bands  seem  to  lie  in  their  original  positions  without  distortion,  and 
by  the  fact  that  the  less  siliceous  bands,  instead  of  the  more  siliceous,  lie 
next  to  the  planes  of  unconformity,  thus  reversing  the  normal  order  foi- 
aqueous  deposition.  The  second  suggestion,  of  deposition  from  a  liquitl 
magma,  is  too  little  developed  for  critical  consideration.  To  constitu*^e 
a  useful  working  hvpothesis  it  should  be  supplemented  by  the  suggestion 
of  conditions  determining  deposition  and  erosion. 

If  deposition  was  from  a  magma,  and  if  the  unit  of  de])osition  was  a 
double  layer,  with  dominance  in  its  lower  part  of  the  heavy  minerals, 
mica  and  hornblende,  and  dominance  in  its  upper  part  of  the  rela- 
tively light  minerals,  quartz  and  feldspar,  then  gravity  may  have  played 
a  role  in  the  process  of  deposition. 

Inclusions 

Some  of  the  Sierra  granites  are  practically  devoid  of  inclusions.  Others 
show  inclusions  at  all  exposures.  A  body  of  light  gray  granite  in  the 
Kings  lliver  country,  occupying  a  territory  of  unknown  extent  but  not 
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less  than  20  miles  across,  was  nowhere  observed  without  inclusions.  The 
inclusions  are  all  of  one  type,  being  composed  of  the  same  minerals  as  the 
matrix  but  with  a  larger  percentage  of  mica  and  hornblende.  They  are 
somewhat  finer  grained  than  the  including  rock  and  they  contain  small 
phenocrvsts  of  white  feldspar.  Similar  phenoorysts  occur  in  the  matrix, 
but  are  less  conspicuous  because  the  general  color  of  the  rock  is  paler. 
A  further  characteristic  of  the  inclusions  is  their  small  size.  Ordinarily 
they  range  from  two  or  three  inches  to  about  a  foot  in  greatest  diameter, 
and  the  largest  seen  is  only  three  feet  across.  In  a  general  way  they 
constitute  the  tenth  or  twentieth  part  of  the  mass  (plate  45,  figure  1), 
but  there  are  many  belts  and  limited  tracts  where  they  are  much  more 
abundant,  and  in  some  places  they  form  more  than  half  the  rock  (plate  45, 
figure  2).  When  closely  aggregated  they  do  not  touch  one  another,  but 
are  always  separated  by  selvages  or  interetitial  fillets  of  the  matrix.  In 
form  they  range  from  oval  to  angular,  the  angular  individuals  having 
rounded  corners.  Where  they  are  closely  assembled  they  indent  one  an- 
other in  such  manner  as  to  indicate  plasticity.  Their  boundaries  are 
definite  in  the  sense  that  there  is  not  a  gradual  transition  from  inclusion 
to  matrix,  but  are  not  sharply  drawn  like  those  of  a  pebble  in  a  conglom- 
erate. The  inclusions  do  not  separate  from  the  matrix  in  weatherinfi^. 
While  the  inclusions  are  all  of  one  type,  they  differ  in  size  of  grain  and 
also  to  some  extent  in  shade.  Where' they  are  closely  aggregated,  indi- 
viduals of  different  shade  and  texture  may  be  seen  side  by  side.  The 
assemblages  may  be  only  a  few  feet  or  a  few  yards  across  or  may  be  sev- 
[?ral  hundred  feet  in  extent.  Often  they  constitute  belts  traversing  the 
Drdinary  granite,  and  sometimes  the  belts  show  evidence  of  flowage,  ill 
inclusions  being  elongated  parallel  to  the  general  direction  of  the  belt 
(plate  46).  In  extreme  cases  this  elongation  is  carried  so  far  that  the 
individual  inclusions  become  difficult  to  trace  and  the  general  appearance 
is  that  of  banding,  but  there  is  no  development  of  schistosity. 

Somewhat  similar  inclusions  observed  a  little  farther  south  by  Knopi 
md  Thelen*  are  regarded  by  them  as  concretions.  A  concretionary  ex- 
[jlanation  of  the  inclusions  of  the  Kings  Kiver  region  would  account  for 
their  omnipresence,  for  their  uniformly  small  size,  and  for  the  frequent 
recurrence  of  the  oval  outline.  It  seems  to  be  opposed  by  the  dominance 
^f  subangular  outlines  and  by  the  uniformity  in  texture  of  each  individual 
in  all  its  parts.  There  is  no  suggestion  of  concentric  structure.  While  I 
^ave  some  consideration  in  the  field  to  the  possibility  of  concretionar}^ 
irigin,  the  hypothesis  more  prominently  in  mind  was  that  of  fragmental 

•A.  Knopf  and  P.  Thelen,  Sketch  of  the  ireology  of  Mineral  King,  California:  Univ. 
L'al.  Pubs.,  Geology,  vol.  4,  pp.  23«-230. 
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derivation  from  an  older  plu tonic  body.  This  hypotheBis  still  seems  to 
me  the  more  available,  but  is  held  lightly,  partly  because  it  does  not  read- 
ily explain  the  small  size  of  the  inclusions  and  partly  because  it  has  been 
compared  with  macroscopic  data  only.  Using  it  as  a  working  hv'pothe^is 
in  the  field,  I  interpreted  the  subangular  forms  of  the  bodies  as  fracture 
forms  modified  by  partial  solution  in  the  enveloping  magma. 

Assuming  the  inclusions  to  be  of  fragmental  origin,  it  seems  evident 
that  they  experienced  partial  refusion  while  in  the  including  magma. 
A  plastic  condition  is  implied  by  their  deformation  through  interference 
where  they  are  crowded  close  together,  and  also  by  the  fact  that  they 
yielded  to  squeezing  with  the  same  facility  as  the  surrounding  magmu. 
Had  they  been  more  rigid  than  their  matrix,  they  would  have  been  forced 
into  contact  before  suffering  elongation  (see  plate  46). 

Assuming  them  to  be  fragmental,  it  is  an  open  question  whether  their 
close  aggregations  are  best  explained  as  features  of  original  distribution 
or  as  the  result  of  gravitational  assemblage.  The  first  explanation  ac- 
counts best  for  the  long  belts  of  closely  grouped  inclusions  separating 
tracts  in  which  they  are  sparse.  The  second  accords  best  with  the 
mingling  of  inclusions  of  diverse  texture  and  also  with  the  romiding  of 
angles.  A  mass  of  angular  fragments  associated  with  little  more  matrix 
than  was  required  to  fill  the  interstices  would  have  small  opportimity  for 
surface  modification  by  solution. 

In  the  vicinity  of  Cooper  meadow,  on  the  upper  Yuba  river,  a  very 
different  granite,  a  pale  variety  with  large  feldspar  phenocr}'6t8,  cont^us 
an  abundance  of  small  inclusions,  and  these  also  are  in  places  closely  as- 
sembled. In  this  case  the  inclusions  vary  through  a  much  wider  pctro- 
graphic  range  and  their  history  is  more  complex. 
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Explanation  op  Plates 
Plate  43. — Assemblages  of  Phenocrysis  in  Oranite 

FiouRE  1. — Feldspar. 

The  locality  18  on  the  north  slope  of  a  granite  dome,  between 
Tuolumne  meadows  and  McGee  lake,  Sierra  Nevada.  The 
crystals  are  in  situ,  being  brought  Into  relief  by  the  weather- 
ing of  the  granite.  The  upper  limit  of  the  assemblage  ap- 
pears in  the  view,  and  above  it  some  of  the  ordinary  granite. 
The  view  covers  a  width  of  three  feet. 

FiGUBE  2. — Hornblende. 

The  locality  is  at  the  base  of  mount  Silliman,  near  a  branch  of 
Sugarloaf  creek,  Sierra  Nevada.  The  view  shows  the  upper 
part  of  an  assemblage.  The  granite  immediately  above  is 
nearly  normal,  but  has  a  slight  excess  of  hornblende.  The 
white  patches  at  right  are  of  aplite.  The  hammer  handle, 
giving  scale,  is  15  Inches  long. 

Plate  ^—Banded  Oranite 

The  locality  is  one  mile  south  of  Cooper  meadow,  in  the  upper 
basin  of  the  South  fork  of  Stanislaus  river,  Sierra  Nevada, 
near  the  middle  of  the  Dardanelles  quadrangle  of  the  IT.  S. 
Geological  Survey  Atlas.  An  unconformity  is  shown  to  the 
left  of  the  man's  wrist 
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Plate  45. — Inclusions  in  Granite  of  Kings  River  Region 

Figure  1. — Normal  distribution. 

The  locality  Is  ou  the  northeastern  sloiie  of  mount  Silliman. 
Sierra  Nevada,  near  its  base.  The  ineluf^ions  are  distin- 
guished fi-om  various  patches  of  surface  discoloration  by  their 
(x>rapact  forms  and  simple  outlines.  The  largest  inclusion  has 
a  diameter  of  about  one  foot. 

Fig r RE  2. — An  assemblage. 

Face  of  a  boulder  lying  near  the  main  trail  through  Kings 
canyon,  Sierra  Nevada.  Scale  is  given  by  a  steel  tai)e,  three 
feet  long,  near  the  middle  of  the  view. 

Plate  46. — Compressed  Inclusions 

The  locality  is  on  the  middle  fork  of  Dougherty  creelv.  Sierra 
Nevada,  in  the  northeast  part  of  the  Tehipite  quadrangle. 
IT.  S.  Geological  Survey,  and  approximately  in  latitude  3i>° 
54',  longitude  118**  36%'.  An  assemblage  of  inclusions  having 
the  form  of  a  belt  is  shown  in  perspective,  some  of  the  nor- 
mal granite  appearing  on  each  side.  All  the  inclusions  :ire 
elongated  in  the  direction  of  the  belt  and  compressed  later- 
ally.   The  inclusions  show  differences  in  shade  and  texture. 
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Introduction 


From  end  to  end  the  Coastal  division  of  the  North  American  Cordillera, 
including  the  Sierra  Nevada,  Cascade  Mountain  system,  the  British  Co- 
lumbia Coast  range,  the  Alaska,  Saint  Elias,  and  other  ranges,  comprising 
an  area  more  than  six  times  that  of  the  Alps  of  Europe,  is  now  proved  to 
inclose  granitic  masses  of  great  size  and  importance.  Most  of  them  are 
of  post-Archean  dates,  and  it  is  even  probable  that  the  greater  number 
belong  to  post-P&leozoic  epochs.*  Many  of  the  Califoniian  stocks  and 
batholiths  and  a  few  batholitbic  masses  in  the  state  of  Washington  have 
been  carefully  studied.  Much  work  has  been  done,  too,  in  the  yet  more 
extensive  granitic  fields  of  Alaska  and  British  Columbia ;  but  this  work 
has  generally  been  incidental  to  long  reconnaissance  surveys,  wherein  de- 
tailed investigations  could  not  be  profitably  undertaken.  In  the  Sierra 
Nevada  the  post-Paleozoic  granitic  rocks — ^granodiorites — ^are  largely,  if 
not  entirely,  of  Mesozoic  age.  In  Alaska  and  northern  British  Columbia 
the  great  "Coast  Range  batholith^'  is  reported  to  be  of  very  similar  com- 
position, but  details  as  to  the  development  of  this  colossal  body  are  still 
largely  lacking.  Midway  in  this  vast  coastal  mountain  division  lies  tlie 
International  boundary,  at  the  49th  parallel  of  latitude. 

On  that  line  the  writer  has  consti-ucted  a  geological  section  which 
throws  light  on  the  nature  and  origin  of  the  granites  and  tends  to  bring 
out  the  connection  between  the  widely  distant  northern  and  southern 
regions,  where  Cordilleran  study  is  now  being  so  energetically  pursued  in 
government  surveys.  The  results  of  the  work  on  the  49th  parallel  cor- 
roborate some  of  the  leading  conclusions  of  Dawson,  Russell,  Willis,  G.  O. 
Smith,  Calkins,  Mendenhall,  and  others  who  have  carried  on  researches 
in  the  adjacent  parts  of  Washington  and  British  Columbia.  The  solution 
of  the  problems  of  these  granites,  as  of  all  granites,  primarily  demamls 
the  patient,  careful  accumulation  of  field  facts.  The  big  scale  of  the 
phenomena,  their  unusually  perfect  exposure  among  these  splendid  moun- 
tains, and  the  mere  fact  that  much  of  the  area  described  has  never  been 


•Cf.  A.  C.  I^awson,  Journal  of  Geology,  Chicago,  vol.  I,  1893,  p.  579. 
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touched  with  a  geological  hammer  are  other  reasons  for  placing  on  record 
the  results  of  the  Boundary  survey. 

Geographical  Subdivision  of  the  Cascade  Mountain  System 

In  1901  Messrs  G.  0.  Smith  and  P.  C.  Calkins,  of  the  United  States 
Geological  Survey,  made  a  reconnaissance  survey  of  the  lO-minute  strip 
crossing  the  Cascade  range  immediately  south  of  the  49th  parallel.  Their 
report  gives  a  succinct  account  of  this  part  of  the  mountain  system  which 
may  well  serve  to  locate  the  region  here  to  be  treated.  Two  paragraphs 
may  be  quoted  from  the  report : 

In  northern  Washington,  where  the  Cascade  mountains  are  so  prominently 
developed,  the  range  is  apparently  a  complex  one  and  should  be  subdivided. 
This  was  recognized  by  Gibbs,  who  described  the  range  as  forlcing  and  the 
main  portion  or  "true  Cascades"  crossing  the  Skagit  where  that  river  turns 
west,  while  the  "eastern  Cascades"  lie  to  the  east  Bauermau,  geologist  to  the 
British  commission,  recognized  three  divisions,  and  as  his  subdivision  is  evi- 
dently based  upon  the.  general  features  of  the  relief  it  will  be  adopted  here. 
To  the  eastern  portion  of  the  Cascades,  extending  from  mount  Chopalca  to  the 
valley  of  Pasayten  river,  the  name  of  Okanagan  mountains  is  given,  following 
Bauerman.  l*o  the  middle  portion,  including  the  main  divide  between  the 
Pasayten,  which  belongs  to  the  Columbia  drainage,  and  the  Skagit,  which  flows 
into'Puget  sound,  Bauerman  gave  the  name  Hozomeen  range,  taken  from  the 
high  peak  near  the  boundary.  For  the  western  division  the  name  Skagit  moun- 
tains is  proposed,  from  the  river  which  drains  a  large  portion  of  this  mountain 
mass,  and  also  cuts  across  its  southern  continuation.  It  will  be  noted  that  the 
north^south  valleys  of  th^  Pasayten  and  the  Skagit  form  the  division  lines  be- 
tween these  three  subranges,  which  farther  south  coalesce  somewhat  so  as  to 
make  subdivision  less  necessary. 

The  Okanagan  mountains  form  the  divide  between  the  streams  flowing  north 
into  the  Similkameen  and  thence  Into  tlie  Okanagan  and  those  flowing  south 
into  the  Methbw  drainage.  In  detail  this  divide  is  exceedingly  irregular,  but 
the  range  has  a  general  northeast-southwest  trend.  Joining  the  main  divide  of 
the  Cascades  In  the 'vicinity  of  Barron.  The  highest  peaks,  such  as  Chopaka, 
Cathedral,  Remmel,  and  Bighorn,  have  a  nearly  uniform  elevation  of  8,000  to 
8,500  feet  and  commonly  are  extremely  rugged.  Over  the  larger  portion  of 
this  area  the  heights  are  above  7,000  feet,  and  below  this  are  the  deeply  cut 
valleys.* 

The  sketch  map,  figure  1,  shows  the  position  of  the  boundary  line  in 
the  Cordillera  and  of  the  section  described  in  the  present  paper. 

Abea  covered  by  the  Boundary  Commission  Survey 

Since  the  year  1901  the  United  States  surveyors  attached  to  the  Inter- 
national Boundary  Commission  have  prepared  an  excellent  contour  map 

•BalletlD  no.  235,  U.  8.  Geological  Snrvey,  1004,  p.  14. 


332 


R.  A.  DALY — THB  OKANAOAN  COMPOSITS  BATHOLITH 


AREA  COVERED  BY  BOUNDARY  COMMISSION  SURVEY  333 

of  a  belt  crossing  the  Cascades  between  the  Similkameen  and  Skagit 
rivers  and  exactly  bisected  by  the  international  line.  To  the  officials  at 
Washington  the  writer  is  indebted  for  the  use  of  this  map  in  manu- 
script. The  belt  averages  5  miles  in  width.  The  geology  of  the  belt 
has  been  plotted  on  the  map,  and  the  section  has  been  continued  eastward 
by  the  use  of  a  contour  map  of  a  similar  5-mile  belt  crossing  the  Interior 
plateaus  east  of  Similkameen  river;  in  the  latter  map  the  international 
line  forms  the  southern  limit.  The  total  area  of  the  belt  which  is  of 
present  interest  is  about  400  square  miles.  The  part  lying  within  the 
Hozomeen  range — that  is,  west  of  Pasayten  river — covers  greatly  de- 
formed strata  of  Cretaceous  age.  The  remainder,  or  three-fourths,  of  the 
belt  is  underlaid  by  the  vast  assemblage  of  plutonic  intrusive  rocks  which 
had  been  briefly  described  by  Smith  and  Calkins. 

This  strip  of  rugged  mountains  forms  part  of  a  huge  batholithic  area 
that  will  be  adequately  mapped  only  after  many  more  seasons  of  arduous 
field-work.  The  geological  findings  within  such  a  belt  as  now  to  be  de- 
scribed would  be  much  increased  in  value  if  they  could  be  systematically 
compared  with  field  studies  throughout  the  whole  batholithic  province. 
For  many  reasons  such  a  complete  survey  is  now  impracticable.  The 
present  paper  is  thus  a  sort  of  report  of  progress  on  the  geology  of  these 
crystalline  rocks  of  the  northern  Cascades.  Nevertheless  discoveries  of 
prime  importance  to  the  geology  of  the  entire  range  have  been  made 
within  even  the  limited  area  of  the  5-mile  belt.  Certain  of  the  broader 
conclusions  there  deduced  may,  it  is  believed,  be  relied  on,  and  will  not 
need  serious  emendation  as  the  exploration  of  the  mountains  continues. 
In  the  following  pages  there  is  oflFered  another  class  of  considerations 
which  are  theoretical  and  need  the  facts  of  the  field,  especially  of  the 
whole  Cascade  field,  for  their  full  discussion.  In  these  matters  partic- 
ularly, a  5-mile  belt  can  not  speak  for  tlie  whole  Okanagan  range,  except 
as  geological  experience  in  that  belt  accords  with  verified  geological  ex- 
|)erience  the  world  over. 

General  Description  of  the  batholithic  Avlea  and  Ix)Cation  and 
RELATIVE  Size  of  its  Units 

From  the  eastern  slope  of  the  wide  valley  occupied  by  Osoyoos  lake  to 
the  Pasayten  river,  an  air-line  distance  of  just  60  miles  along  the  boun- 
dary, the  mountains  are  composed  of  almost  continuous  plutonic  igneous 
rocks.  This  immense  mass  is  markedly  heterogeneous.  To  simplify  the 
following  discussion  it  will  be  well  to  review  the  general  geographical  rela- 
tions among  the  different  geological  units.     To  the  same  end  it  is  con- 
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venient  to  adopt  a  special  name  for 
section,  figure  2,  shows  the  units  in 
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each  unit.     The  diagrammatic  cross- 
their  relative  positions. 

The  most  easterly  component 
body    occupies    both    slopes    of 
Osoyoos   Lake   valley;   it   is   the 
southern  part  of  a  great  batho- 
^    lithic  mass  of  granodiorite   and 
I    may  be  called  the  Osoyoos  batho- 
I    lith.     The  most  westerly  unit  ex- 
i    tends    from    Pasayten    river    to 
S    within  a  mile  or  so  of  Cathedral 
8    peak.    It  is  also  a  batholith  of 
^    granodiorite  and  seems  to  corn- 
's   pose  the  cliffs  of  the  conspicuous 
S.    mount  Remmel  5  miles  south  of 
5    the  boundary.     This  mass  may  be 
S    called  the  Remmel  batholith.    Im- 
mediately to  the  eastward  of  the 
Remmel  a  third  large  batholith, 
this  time  composed  of  a  quite  dif- 
ferent rock,  true  biotite  granite, 
imderlies  all  of  the  belt  as  far  as 
Horseshoe  mountain,  on  the  divide 
between  the  A'shnola  and  main 
Similkameen  rivers.    This  may  be 
called  the  Cathedral  batholith — 
named  after  the  fine  monolithic 
moimtain    occurring    within    the 
limits  of  the  granite.    The  fourth 
principal   unit  lies  between   the 
Cathedral  and  Osoyoos  batholiths ; 
it  is  composed  of  a  batholithic 
doda-rich  homblende-biotite  gran- 
ite which  is  trenched  by  the  deep 
valley  of  tlie  Similkameen  river, 
and  an  appropriate  name  for  it  is 
Similkameen     batholith.      These 
four  principal  units  make  up  five- 
sixths  of  the  whole  area  here  de- 
scribed. 
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The  subordinate  geological  members  (excluding  dikes)  within  the  bath- 
olithic  area  are  eight  in  number. 

The  largest  of  these  consists  of  apparently  Paleozoic  schists,  quartzites, 
greenstones,  and  other  rocks  forming  the  ends  of  two  tongues  that  enter 
the  belt  respectively  from  north  and  south  (see  figure  3).  These  rocks 
occur  on  the  roughly  tabular  **Kruger  mountain,"  and.  for  present  pur- 
poses may  be  called  the  Kruger  schists.  The  two  schist  tongues  adjoin 
the  Osoyoos  batholith  and  nearly  cut  it  off  completely  from  direct  contact 
with  other  plutonic  units  in  the  belt. 
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FiouRB  3. — Ground  Plon  MhowiHg  Relotiona  of  the  0§oyoo$,  Similkameen,  and  Kruyer 
ignoou^  Bodies  and  the  invaded  Paleozoic  Pormatione. 

Scale,  1  :  110,000. 

Between  the  Kruger  schists  and  the  Similkameen  batholith  is  a  com- 
paratively small  area  of  highly  composite  intrusives  belonging  to  the 
malignite  and  nepheline-syenite  families  (see  figure  3).  These  crop  out 
on  the  western  summits  of  the  Kruger  Mountain  plateau  and  may  be 
referred  to  as  the  Kruger  Alkaline  body. 

The  Similkameen  granite  preserves  what  seem  to  be  remnants  of  its 
once  complete  roof  (see  figure  4).  Chopaka  mountain  is  crowned  with 
a  laige  patch  of  schist  very  similar  to  the  Kruger  schist.  This  Chopaka 
schist  is  cut  by  a  strong  body  of  gabbro  apparently  transitional  into  pure 
olivine  rock— the  Chopaka  Basic  intrusives.    The  whole  forms  a  huge 
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irregular  block  of  roof  rock  almost  completely  surrounded  and  probably 
underlain  by  the  Similkameen  granite.  Such  a  block,  once  a  down- 
wardly projecting  part  of  a  roof  in  stock  or  batholith,  may  be  named  a 
"roof  pendant  ;'*  it  is  analogous  to  the  pendant  of  Gothic  architecture. 

A  brief  digression  on  this  conception  may  be  permitted.  Unusually 
fine  examples  of  roof  pendants  are  illustrated  in  the  great  slabs  of  bedded 
rocks  interrupting  the  areas  occupied  by  the  batholiths  of  the  Sierra  Ne- 
vada. One  of  the  most  recent  descriptions  is  published  by  Messrs  Knopf 
and  Thelen,  following  the  lead  of  Lawson  in  a  study  of  Mineral  King, 
California.*  Other  examples,  so  well  treated  by  Barrois,  were  found  dur- 
ing the  detailed  geological  survey  of  Brittany,  f  In  all  these  and  many 
other  cases^  and  yet  more  clearly  than  on  the  49th  parallel,  the  masses  of 
country  rock  (invaded  formation)  form  respectively  parts  of  a  once  con- 
tinuous roof.  The  often  perfect  preservation  of  the  regional  strike  in 
each  of  many  examples  very  strongly  suggests  that  these  slabs  have  not 
sunk  independently  in  their  respective  magmas.  Such  partial  foundering 
would  have  almost  inevitably  caused  some  twisting  of  the  block  out  of  its 
original  orientation.  .  Granite  and  block  have  come  into  present  relations 
because  the  magma,  and  not  the  block,  was  active.  The  point  is  of  im- 
portance, as  it  bears  on  the  mechanics  of  intrusion  in  these  instances.  It 
is  further  worthy  of  note  that  determination  of  roof  pendants  and  their 
distribution  may  sometimes  lead  to  the  discovery  of  the  approximate  con- 
structional form  of  batholiths. 

A  small  pendant,  composed  of  amphibolitic  and  micaceous  schists  and 
of  quartzite,  occurs  on  the  north  slope  of  Horseshoe  mountain ;  another  of 
similar  constitution  flanks  the  summit  of  Snowy  mountain. 

In  all  three  cases  the  pendants  appear  in  the  highest  portions  of  the 
batholith  as  now  exposed  in  the  belt ;  yet  each  block  projects  downward, 
deep  into  the  heart  of  the  granite  mass. 

A  long  slab  of  gabbro,  ranging  with  the  Cathedral  fork  of  Ashnola 
river,  is  similarly  a  roof  pendant  to  the  fiemmel  batholith;  it  may  be 
called  the  Ashnola  gabbro  (see  figure  5).  A  still  larger  pendant,  com- 
posed of  gabbros  and  peridotites,  lies  in  the  Bemmel  batholith  just  west 
of  the  main  valley  of  the  Ashnola.  On  account  of  the  extraordinary 
diversity  of  rocks  and  of  rock  structures  in  this  pendant,  it  may  be  called 
the  "Basic  complex"  (see  figure  6). 

Northeast  of  the  complex  is  an  elliptical  stock  of  biotite  granite,  intru- 
sive into  both  the  Remmel  granodiorite  and  the  Basic  complex.     The 

•Bulletin  of  the  Department  of  Geology,  University  of  California,  vol.  lii,  no.  15,  1904. 
and  vol.  iv,  no.  12,  1905. 

tC.  Barrois :  Annates,  Society  Gfologlque  du  Nord,  many  Tolumes,  especially  vol.  2*2, 
1894,  p.  181. 
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white,  massive  outcrops  of  the  granite  are  very  coiiBpieftaus  on  the  north- 
ern spurs  of  Park  mountain;  the  rock  may  be  referred  to  as  the  Park 
granite  (see  figure  6). 
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FiouRB  6. — Grottful  Plan  nhowing  RelatUnu  of  the  Cathedral  and  Remmel  BathoUtha  a»d 

th€  Aihnola  C7o5frro. 

The  Yoanger  phase  of  the  Cathedral  batholith  is  shown  by  stippling.  The  remarkably 
straight  contact  line  of  the  Cathedral  granite  lies  sensibly  parallel  to  the  gneisslc  banding 
in  the  Remmel  batholith.  Eastern  phase.     Scale,  1 :  120,000. 

Within  the  5-mile  belt  these  various  rock  bodies  occupy  areas  shown  in 
the  following  table.  The  bodies  are  noted  in  order  from  east  to  west, 
beginning  on  the  east : 

Squaremiles 

Osoyoos  batholith 50 

Kniger  schist   15 

Kruger  Alkaline  body 0 

•     Similkanieen  batholith   75 

Chopaka  schist   2 

Chopaka  basic  Ititrusives 1% 

Horseshoe  schist  (pendant) 1 

Snowy  schist  (pendant) % 

Cathedral  batholith   61 

Remmel  batholith  01 

Ashnola  gabbro  (pendant) 1^ 

Basic  complex  (pendant) 6% 

Park  Granite  stock  ,    0 


Total    206 
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The  bathohkhfi  and  the  Kruger  schist  extend  far  to  the  north  and  to  the 
south  of  the  belt^  so  that  the  total  area  of  each  is  much  greater  than  is 
shown  in  the  table.  The  figures  given  for  all  the  other  bodies  represent 
nearly  their  respective  total  areas.  Less  than  7  per  cent  of  the  belt  is 
underlaid  by  rocks  not  clearly  plutonic  in  origin,  and  of  that  7  per  cent 
perhaps  half  is  greenstone  or  other  igneous  rock.  The  3  or  4  per  cent  of 
non-igneous  rock  is  chiefly  concentrated  in  the  tongues  of  Kruger  schist. 
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FiGDRB  6. — Ground  Plan  thowing  RelatioM  of  the  Remmel  BathoHth,  Park  Granite,  and 

Boiio  Complex, 

Scale,  1 :  120.000. 

The  tongues  have  been  completely  cut  asunder  by  the  plutonics ;  it  is  now 
possible  to  walk  from  one  end  of  the  belt  to  the  other,  the  whole  distance 
of  60  miles,  and  not  once  set  foot  on  bed-rock  which  is  other  than  of  deep 
seated,  igneous  origin  (see  figures  2  and  3). 

Unity  of  the  Composite  Batholith 


Barring  a  few  shreds  and  patches,  the  enormously  thick  pre-Paleozoic, 
Paleozoic,  Mesozoic,  and  Tertiary  sediments  and  schists  represented  in 
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the  Cordillera  elsewhere  are  wanting  in  this  part  of  the  Cascade  system. 
With  thicknesses  running  into  tens  of  thousands  of  feet^  they  once  un- 
questionably composed  the  Okanagan  range,  and  of  them  the  ancestors  of 
these  very  boundary  mountains  were  built.  Erosion  has  removed  some  of 
the  formations,  attacking  the  earth's  sedimentary  crust  from  above.  There 
is  every  reason  to  believe  that  perhaps  even  more  of  the  old  mountain  sub- 
stance was  removed  during  the  successive  batholithic  intrusions.  Thus 
the  sedimentary  crust  has  also  been  attacked  from  beneath ;  its  int^rity 
has  been  destroyed  through  the  displacing  or  replacing  of  sediments  by 
igneous  magma.  In  bringing  about  this  gigantic  result  all  the  batholiths 
have  acted  together.  Though  they  are  of  very  different  ages,  their  ener- 
gies have  been  devoted  to  a  common  work.  Their  effects  are  so  integrated 
that  in  causing  the  nearly  complete  disappearance  of  the  ancient  strata 
they  have  imitated  on  a  larger  scale  what  occurs  with  any  homogeneous 
batholith.  From  this  point  of  view  the  Boundary  belt,  stretching  from 
the  eastern  contact  of  the  Osoyoos  batholith  to  the  western  contact  of  the 
Reimnel  batholith,  forms  a  small  segment  of  one  composite  batholith 
somewhat  broader  than  the  Okanagan  range.  To  emphasize  this  primary 
fact,  the  title  of  the  present  paper  has  been  chosen. 

Petrography  of  the  Composite  Batholith 
in  gbnbral 

Before  proceeding  to  a  detailed  statement  of  the  structure  and  histori' 
of  the  composite  batholith  a  brief  petrographical  description  of  it«  com- 
})onent8  will  be  necessary.  The  chemical  study  of  these  rocks  has  only 
l)egun,  but,  on  account  of  their  freshness  and  coarseness  of  grain,  micro- 
scopic analysis  has  been  found  so  trustworthy  that  the  different  types  can 
be  already  sufficiently  well  classified  for  the  purposes  of  this  discussion  of 
the  general  geology.  Much  of  the  usual  petrographical  detail  has  Ixjeu 
omitted  as  not  bearing  directly  on  the  main  problems. 

The  rocks  will  be  described  as  nearly  as  possible  in  the  order  of  their 
respective  dates  of  intrusion. 

CUOPAKA  BASIC  JNTRUSIVES 

The  basic  and  ultra  basic  intrusives  of  the  Chopaka  roof  pendant  have 
Ijeen  described  by  Smith  and  Calkins  as  uralitic  gabbro,  serpentines,  and 
P3rroxenite8.  Within  the  area  covered  by  the  Commission  map  (figure  4), 
the  present  writer  has  found  no  pyroxenite,  but  has  referred  all  the  mas- 
sive intrusives  of  the  Chopaka  pendant  (excluding  dikes)  to  two  rock 
types  and  their  metamorphic  derivatives. 
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Most  of  the  rock  within  the  areli  is  feldspathic  and  seemfi  to  belong  to 
a  fairly  steady  type — normal  gabbro  transitional  to  metagabbro.  It  is 
a  dark  gray-green,  medium  grained,  hypidiomorphic  granular  rock,  orig- 
inally composed  of  essential  labradorite  (AbiAn^)  and  diallage  and  acces- 
sory apatite,  with  a  little  magnetite.  Crush  metamorphism,  supplemented 
by  ordinary  weathering,  has  largely  changed  the  diallage  into  actinolitic 
amphibole,  b6th  compact  and  smaragditiCi  The  specific  gravity  of  the 
least  altered  rock  is  2.959,  taken,  as  were  all  the  other  specific  gravities  to 
be  mentioned,  at  room  temperatures. 

That  common  rock  type  is  associated  with  a  large  body  of  a  dark  green- 
ish gray,  fine  grained  rock  of  which  several  specimens  show  the  composi- 
tion very  clearly.  It  was  originally  made  up  entirely  of  granular  olivine 
without  any  certain  accessory  constituent.  No  trace  of  chromite  has  been 
found.  Serpentine,  talc,  tremolite,  and  magnetite  are  present  in  most  of 
the  thin-sections,  but  apparently  in  all  cases  as  decomposition  products  of 
the  olivine.  The  specific  gravity  of  the  rock  varies  from  3.100  to  3.173. 
It  is  a  dunite  without  chromite. 

The  field  relation  of  the  gabbro  and  olivine  rock  has  not  been  deter- 
mined. They  may  belong  to  distinct  intrusions  or  they  may  be  due  to 
differentiation  within  a  single  body.  Though  transitions  seemed  to  ap- 
pear in  the  actual  outcrops,  the  search  for  final  evidence  in  these  rocks, 
crushed  and  obscured  as  they  are,  has  so  far  proved  unavailing.  Analo- 
gous occurrences  in  other  parts  of  the  boundary  belt  suggest  that  gabbro 
and  olivine  rock  were  intruded  at  different  dates. 

A8HN0LA  QABBRO 

Throughout  its  5  miles  of  length  the  Ashnola  gabbro  body  is  homo- 
geneous in  composition,  but  often  varies  abruptly  in  grain  from  medium 
to  quite  coarse.  The  color  is  uniformly  a  peculiar  deep  fawn,  which  is 
the  dominating  tint  of  the  feldspar.  This  color  is  rather  remarkable,  as 
the  rock  proves  under  the  microscope  to  be  quite  fresh,  with  feldspars  of 
glassy  clearness.  The  essential  constituents  are  a  green  augite,  often 
colorless  in  thin-section,  brownish  green  hornblende,  brown  biotite,  and 
labradorite,  Ab^An^.  Abundant  apatite,  some  magnetite,  and  a  very  little 
interstitial  quartz  are  the  accessories.  The  structure  in  the  original  rock 
is  the  hypidiomorphic  granular,  though  the  augite  is  often,  especially  in 
the  coarser  grained  phases,  poikilitic.  Regular  intergrowths  of  the  augite 
and  hornblende  are  common.  The  rock  is  an  augite-hornblende-biotite 
gabbro,  the  specific  gravity  of  which  averages  2.946. 

Although  the  gabbro  is  older  than  the  fiemmel  granodiorite  and  has 
shared  in  the  great  djmamic  metamorphism  which,  as  we  shall  see,  has 
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profoundly  affected  the  more  acid  rock,  there  is  far  less  crushing  action 
manifest  in  the  gabbro  than  in  the  granodiorite.  Gneissic  structures  were 
indeed  sometimes  seen  in  the  ledges,  but  banding  was  never  discovered 
and  the  granulation  is  seldom  comparable  to  that  of  the  Remmel.  It  is, 
moreover,  suspected  that  some  of  the  gneissic  arrangement  of  minerals  in 
the  gabbro  is  due  to  fluidal  alignment  of  its  tabular  feldspars  in  the  orit^- 
inal  magmatic  period.  For  some  unknown  reason  the  gabbro  has  resisted 
crushing  and  shearing  better  than  the  granodiorite. 

BASIC  COMPLEX 

Petrographically  and  structurally,  the  Basic  complex  is  perhaps  the 
most  steadily  variable  plutonic  masses  in  the  entire  boundary  section  from 
the  Great  plains  to  the  Pacific.  It  covers  an  area  stretching  from  Ash- 
nola  river  westward  over  Park  Mountain  ridge,  a  distance  of  5  miles.  The 
extreme  north-and-south  diameter  is  about  3  miles,  and  the  total  area  isi; 
nearly  7  square  miles.  The  Remmel  granodiorite  once  completely  sur- 
rounded the  complex,  which,  as  above  noted^  is  in  pendant  relation  to  the 
batholith.  The  pre-Bemmel  extent  of  the  complex  was  greater  than  the 
.area  now  exposed;  how  much  of  it  was  destroyed  during  the  Renmiel  in- 
trusion it  is  impossible  to  say.  The  part  thus  remnant  was  still  further 
diminished  during  the  intrusion  of  the  Park  granite,  which  now,  as  illus- 
trated on  full  3  miles  of  contact  line,  projects  strongly  into  the  body  of 
the  complex.  A  large  block  of  the  latter  formation,  measuring  about  400 
yards  in  length  by  200  yards  in  width,  was  found  within  the  Park  granite 
mass  itself ;  it  may  represent  a  roof  pendant  in  the  stock,  and  thus  a  small 
analogue  to  the  larger  basic  body  in  its  relation  to  the  Bemmel  batholith. 

The  Basic  complex  is  made  up  of  a  remarkable  assemblage  of  basic  plu- 
tonic rocks  of  at  least  three  different  periods  of  intrusion.  The  oldest 
types  are  coarse  grained.  They  include  highly  irregular  bodies  of  hom- 
blendite,  which  in  the  field  is  often  seen  to  be  transitional  into  a  labra- 
dorite-bearing  homblende-augite  peridotite ;  this  in  its  turn  merges  into 
homblende-augite  gabbro.  All  of  these  rocks  are  believed  to  be  of  con- 
temporary origin.  Their  occurrence  is  so  sporadic  that  it  is  difScult  to 
say  how  much  of  the  whole  basic  area  they  really  cover — ^possibly  one- 
quarter  of  it  by  rough  estimate.  These  rocks  are  cut  by  many  large  ^ikes 
and  more  irregular  masses  of  hornblende-gabbro,  augite-homblende  gab- 
bro, and  homblende-biotite  quartz  gabbro.  Such  types  are  of  medium  to 
coarse  grain.    Their  specific  gravity  varies  from  2.873  to  2.986. 

One  40-foot  dike  cutting  the  yoimger  gabbros  singles  itself  out  as  a 
unique  petrographic  type.  It  is  an  amphibole  peridotite  in  which  the 
olivine  occurs   in  large,  potato-shaped  or  ellipsoidal,   coarse  grained 
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nodules  from  li/^  to  2  inches  in  diameter.  These  nodules  are  thickly 
and  quite  uniformly  scattered  tlirough  a  coarse  matrix  of  green  horn- 
blende. The  dike  is  interesting  on  account  of  its  peculiar  structure,  but 
is  of  little  importance  as  a  member  of  the  complex  as  a  whole ;  no  other 
dike  of  the  kind  was  found. 

As  there  is  no  discoverable  system  in  the  differentiation  of  the  earliest 
intrusive  members,  var3ring  as  they  do  most  capriciously  from  ledge  to 
ledge,  so  there  is  no  discoverable  system  in  the  trends  or  occurrence  of  the 
countless  later  injections  of  the  gabbros.  The  complication  has  been 
still  further  increased  by  the  intrusion  of  thousands  of  narrow  and  broader 
dikes  of  granite.  Much  of  the  granite  is  apophysal  or  aplitic  from  the 
Remmel  batholith;  some  of  it  is  apophysal  from  the  magma  supplying 
the  Park  granite  stock,  while  many  dikes  of  acid  pegmatite  locally  traverse 
the  whole  mass.  The  complication  was  finally  made  perfect  through  the 
enormous  crushing  which  the  Basic  complex  imderwent,  both  during  the 
intrusion  of  the  granites  and  during  the  orogenic  revolution  when  the 
Bemmel  granodiorite  itself  was  sheared  into  banded  gneisses. 

In  the  shearing  of  the  Basic  complex  its  material  was  metamorphosed 
and,  in  part,  it  migrated.  The  mode  of  migration  is  believed  to  be  that 
which  will  be  briefly  discussed  in  connection  with  the  petrographic  de- 
scriptions of  the  crushed  Osoyoos  and  Bemmel  batholiths.  The  meta- 
morphism  has  developed  many  schistose  phases,  among  which  homblende- 
biotite-diorite  gneiss  (specific  gravity,  2.766  to  2.863)  and  well  foliated 
homblendite  are  common. 

As  a  result  of  this  long  and  varied  history,  scarcely  any  two  ledges 
within  the  area  of  the  Complex  accord  in  composition.  The  constitution 
of  what  appears  to  be  the  commonest  phase  of  the  Complex,  the  augite- 
homblende  gabbro,  and  the  peculiar  fawn  color  of  its  feldspar  furnish  a 
probable  correlation  of  part  of  the  whole  mass  with  the  Ashnola  gabbro. 
There  is  no  certainty  of  similar  correlation  with  the  basic  rocks  of  mount 
Chopaka. 

OBOYOOS  GRANODIORITE  BATHOLITH 

Macroscopic  and  microscopic  characteristics. — The  original  rock  of  the 
Osoyoos  batholith  is  a  typical  medium  to  coarse  grained  granodiorite. 
The  color  is  the  familiar  light  gray  characteristic  of  monzonites,  grano- 
diorites,  and  some  other  granular  rocks  rich  in  plagioclase.  In  the  like- 
wise fresh  though  somewhat  metamorphosed  phases  the  rock  assumes  a 
light  greenish  gray  tint  due  to  the  dissemination  of  metamorphic  biotite 
or  to  the  abundant  development  of  epidote.  All  phases  weather  light 
brownish  gray.     The  essential  constitutents  are  deep  green  hornblende, 
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brownish  green  biotite,  orthoclase,  quartz,  and  unzoned  andesine,  Ab^An,. 
The  accessory  minerals  are  apatite,  magnetite,  and  titanite ;  none  of  these 
may  be  called  abundant.  AUanite  in  rather  large  amount  is  accessory  in 
the  basified  contact  zone.  Colorless  epidote  is  invariably  present,  but  is 
regarded  as  of  metamorphic  origin.  Where  it  becomes  abundant  the  iron 
ore  has  partially  or  wholly  disappeared;  then  probably  entering  into  the 
composition  of  the  epidote.  Biotite  is  generally  dominant  over  horn- 
blende and  plagioclase  over  orthoclase. 

Along  the  eastern  contact  of  the  batholith  the  average  plagioclase  is 
labradorite,  AbjAn^,  and  it  so  far  replaces  the  orthoclase  that  the  rock 
here  verges  on  quartz  diorite.  In  the  hand  specimen  this  somewhat  basi- 
fied contact  phase  is  indistinguishable  from  the  true  granodiorite.  The 
limits  of  the  orthoclase-poor  zone  were  therefore  not  closely  fixed  in  the 
field.  It  is  probable  that  the  zone  is  not  more  than  a  few  hundred  yards 
in  width,  and  that  the  original  rock  of  the  batholith  was,  in  the  large, 
homogeneous.  A  second  exceptional  phasal  variation  is  founded  on  the 
disappearance  of  hornblende  in  rock  that  shows  decided  cataclastic  struc- 
ture, other  constituents  remaining  the  same  as  in  the  normal  grano- 
diorite. This  phase — gneissic  biotite  granite  rich  in  andesine — occurs 
sporadically  in  the  heart  of  the  batholith.  Very  possibly  it  is  not  of  orig- 
inal composition,  the  hornblende  having  been  removed  through  meta- 
morphic action. 

Dynamic  and  hydrothermal  metamorphi^m  of  the  granodiorite, — In  the 
mapped  area  of  the  batholith  scarcely  a  single  outcrop  can  be  found  that 
does  not  show  the  powerful  eflPects  of  intense  orogenic  strains.  Even  the 
most  massive  phases  show,  under  the  microscope,  the  varied  phenomena  of 
crushing  stress — ^granulation,  bending  of  crystals,  undulatory  extinctions, 
recrystallization,  etcetera.  Because  of  the  crushing,  the  average  rock  is 
no  longer  the  original  rock.  The  granodiorite  has  been  changed  into  sev- 
eral metamorphic  types,  of  which  three  may  be  noted. 

The  commonest  transformation  is  that  into  a  biotite-epidote-hom^lende 
gneiss,  with  essential  and  accessory  constituents  like  those  in  the  original 
granodiorite,  but  in  somewhat  different  proportions.  The  color  is  light 
gray,  with  a  green  cast  on  surfaces  transvei-se  to  the  schistosity ;  parallel 
to  the  schistosity  a  dominant  and  darker  green  color  is  given  by  abundant 
fine-textured  leaf  aggregates  of  biotite.  These  aggregates  are  not  simply 
crushed  and  rotated  original  mica  foils,  but,  like  the  epidote,  represent 
true  recrystallization  and  the  incipient  migration  of  material  within  the 
granulated,  plutonic  rock.  At  the  same  time  much  of  the  original  horn- 
blende, apatite,  and  magnetite  have  been  removed. 
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A  second  metamorphic  type  is  a  yet  more  highly  schistose  biotite-epi- 
dote  gneiss  often  transitional  into  biotite  schist.  The  essential  constit- 
uents are  biotite,  epidote,  orthoclase,  andesine,  and  quartz.  The  acoesso* 
ries  include  very  rarely  apatite  and  magnetite,  while  titanite  seems  to  have 
entirely  disappeared  along  with  the  hornblende.  Orthoclase  seems  here 
to  be  more  abundant  than  plagioclase.  The  quartz  and  feldspars  are  in- 
tensely granulated  and,  with  polarized  light,  are  full  of  strain  shadows. 
The  rock  is  more  richly  charged  with  biotite  than  the  hornblende-bearing 
gneiss. 

The  third  metamorphic  t.ype  occurs  in  immediate  association  with  the 
gneiss  just  described,  being  interbanded  with  it.  It  is  a  fine  grained, 
strongly  schistose,  dark  greenish  gray  hornblende  gneiss  of  basic  character. 
The  essential  minerals  are  idiomorphic  green  hornblende  and  allotrio- 
morphic  feldspars  in  mosaic  with  considerable  interstitial  quartz ;  the  last 
is  hardly  more  than  accessory.  The  feldspar  is  mostly  unstriated  and 
not  easy  of  determination.  Orthoclase  seems  to  be  dominant,  but,  as 
shown  by  extinctions  on  (010),  approaches  soda-orthoclase  in  composition. 
The  plagioclase  is  possibly  andesine.  Titanite,  apatite,  and  well  crys- 
tallized magnetite  are  accessory  in  large  amounts.  The  hornblende  prisms 
are  often  twinned  parallel  to  (010).  That  crystallographic  plane  now 
lies  characteristically  parallel  to  the  plane  of  schistosity.  Except  for  the 
soda  content  of  the  orthoclase,  the  minerals  all  appear  to  have  the  same 
characters  as  in  the  granodiorite. 

This  third  phase  occurs  in  zones  of  maximum  shearing  in  the  batho- 
lithic  mass.  It  is  believed  to  represent  a  new  secondary  rock  formed  by 
the  lecrystallization  of  the  materials  leached  out  of  the  other  two  meta- 
morphic phases  just  noted  and  out  of  the  granodiorite  as  it  was  crushed. 
The  recrystallization  either  accompanied  or  followed  the  very  closing 
stage  of  the  erogenic  crushing.  This  fact  is  demonstrated  by  the  entire 
absence  of  granulation  or  even  undulatory  extinctions  in  the  mineral 
components. 

The  probable  history  of  the  metamorphism  may  now  be  summarized. 
After  the  complete  solidification  of  the  original  granodiorite,  very  intense 
crushing  stresses  affected  the  whole  body.  The  straining  and  granula- 
tion of  the  minerals  exposed  them  to  wholesale  solution,  whether  in  water 
and  other  fluids  mechanically  inclosed  ia  the  rock  or  in  fluids  of  exotic 
origin.  This  process  of  solution  was  hastened  by  the  rise  of  temperature 
incident  to  violent  crushing.  All  the  minerals  must  have  been  affected, 
but  it  appears  that  the  hornblende,  biotite,  magnetite,  apatite,  and  titanite 
were  most  likely  to  be  dissolved  and  so  migrate  with  the  fluids  that  slowly 
XXXII— Bull.  Gvol.  Soc.  Am.,  Vol.  17,  1006 
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worked  their  way  through  the  rock  in  its  mechanical  readjustmenls.* 
Escape  for  the  mineral-laden  fluids  was  most  ready  in  the  zones  of  maxi- 
mum shear.  Thither  the  fluids  were  drawn,  and  there  some  of  the  dis- 
solved material  recrystallized  so  as  to  develop  the  darker  colored  bands  of 
biotite-epidote  gneiss,  biotite  schist,  and  hornblende  gneiss. 

Where  the  granulation  was  least  the  granodiorite  retains  nearly  its 
original  composition,  though  epidote  may  be  formed ;  the  specific  gravity 
averages  2.746.  Where  the  granulation  was  more  pronounced,  as  in  the 
first  metamorphic  type  described,  much  of  the  hornblende,  titanite,  mag- 
netite, and  apatite  have  been  leached  out  and  abundant  metamorphic  bio- 
tite and  epidote  have  formed;  the  result  is  a  biotite-homblende-epidote 
gneiss  with  a  density  less  than  that  of  the  original  granodiorite  because 
of  the  loss  in  heavy  constituents  (specific  gravity,  2.692).  A  further 
stage  of  granulation  and  energetic  shearing  led  to  the  formation  of  per- 
fect schistosity  in  rock  made  up  of  the  quartz-feldspar  ruins  of  the  orig- 
inal rock,  cemented  by  very  abundant  biotite  and  epidote — the  biotite- 
epidote  gneiss  (specific  gravity,  2.783).  The  fissures  and  fluid-filled 
cavities  developed  in  the  zones  of  maximum  shear  are  now  occupied  by 
the  strongly  schistose  hornblende  gneiss  (specific  gi-avity,  2.939)  and  sim- 
ilar products  of  complete  solution,  migration,  and  subsequent  complete 
recrystallization. 

The  granodiorite  has  thus  become  not  only  mechanically  crushed,  but 
to  a  large  extent  rendered  heterogeneous.  It  is  now  not  only  gneissic,  but 
banded  in  zones  of  new  rock  markedly  varied  in  composition.  The  schis- 
tosity and  banding  ever}'where  agree  in  attitude;  the  strike  varies  from 
north  10  degrees  west  to  north  75  degrees  west,  but  over  large  areas,  as 
indeed  over  the  whole  batholith  east  and  west  of  Osoyoos  lake,  averages 
north  45  degrees  west  almost  exactly.  Neglecting  minor  crumplings,  the 
dip  varied  from  70  degrees  northeast  to  90  degrees,  averaging  about  82 
degrees  northeast.  This  average  attitude  is  close  to  that  observed  in  the 
schists  cut  by  the  granodiorite,  but  represents  an  exceptional  strike  among 
the  main  structural  axes  of  the  Cordillera.     It  may  be  noted  that  sbear- 

*Tblf!i  conclaslon  has  in  this  instance  been  deduced  from  the  study  of  thtn*«ectlonai. 
In  general  It  accords  with  the  results  of  experiment.  Milller  has  found  that  in  carbon- 
ated water  hornblende  and  apatite  are  much  more  soluble  than  either  orthoclase  or  oltg- 
oclase.  Maghetite  Is  less  soluble  than  any  of  those  minerals,  but  the  relatively  minute 
size  of  Its  crystals  in  granodiorite  would  allow  of  its  complete  solution  and  migration 
before  the  essential  minerals  had  lost  more  than  a  fraction  of  their  substance.  It  is 
also  possible  that  magnetite  would  suffer  especially  rapid  corrosive  attack  from  fluid  in 
which  the  chlorine-bearing  apatite  has  gone  into  solution.  Cf.  R.  MtiUer  in  Tschermak^ 
Miner,  und  I'etrog.  Mittheilungen,  1877,  p.  25. 
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ing  is  much  more  manifest  on  the  east  side  of  Osoyoos  lake  than  on  the 
west  side. 

RBUMEL  QRANODWRITB  BATHOLITH 

Physical  and  mineralogic  characteristics. — There  are  many  principal 
points  of  resemblance  in  composition  between  the  extreme  eastern  and  ex- 
treme western  members  of  the  composite  batholith  (see  figure  2).  The 
staple  rock  of  the  Bemmel  batholith  is  also  a  granodiorite.  It  is  in  color 
a  light  gray,  weathering  whitish  to  a  light  brownish  gray;  in  grain, 
medium  to  rather  coarse ;  in  structure,  eugranitic,  though  often  somewhat 
porphyritic  in  look,  through  the  development  of  large,  black,  lustrous  bio- 
tites.  These  phenocrysts  are  sometimes  perfectly  idiomorphic,  and  then 
weather  out  in  hexagonal  plates  about  one  centimeter  in  diameter.  This 
commonest  phase  of  the  batholith  is  essentially  composed  of  brownish 
green  hornblende,  biotite,  quartz,  orthoclase,  and  andesine  which  averages 
AbftAng.  Titanite  is  a  fairly  abundant  accessory  and  is  accompanied  by 
apatite  and  by  magnetite,  often  titaniferous.  The  specific  gravity  of  this 
rock  varies  from  2.721  to  2.775,  averaging  2.748. 

Metamorphism. — Here  again  it  is  difficult  to  distinguish  in  the  field 
any  systematic  variation  of  the  original  rock  composition.  If  such  varia- 
tion ever  were  important,  its  discovery  is  rendered  most  uncertain  through 
the  profound  metamorphic  changes  that  have  affected  the  batholith. 
Here,  too,  there  has  been  tremendous  shearing  and  crushing.  A  second- 
ary gneissic  structure  has  been  formed  over  most  of  the  batholith  as  ex- 
|x>sed  in  the  boundary  belt.  The  shearing  has  been  extraordinarily 
powerful  in  a  north-south  zone  of  the  batholith  running  along  the  contact 
with  the  younger  Cathedral  batholith  (see  figure  5).  In  that  zone, 
which  extends  westward  as  far  as  the  Ashnola  gabbro,  the  Remmel  rock 
has  been  thoroughly  changed  from  its  original  condition. 

This  "Eastern  phase"  of  the  Remmel  is  now  remarkably  banded.  The 
broader  bands  are  more  or  less  massive  biotite  gneiss  rich  in  oligoclase 
(Ab^AUi),  or  orthoclase-bearing  biotite  quartz  diorite  gneiss.  The  color 
of  these  rocks  is  light  gray,  weathering  white  or  light  brown.  Hornblende 
and  titanite  completely  fail ;  apatite  is  accessory,  but  in  small  amount.  A 
few  reddish  garnets  are  occasionally  developed.  Thei*e  is  seldom  any  in- 
dication of  straining  or  crushing  of  the  minerals  constituting  these  bands. 
Microscopic  study  leaves  the  impression  that  the  material  of  the  bands  has 
been  wholly  recrystallized.  The  specific  gravity  averages  2.651,  and  is 
thus  considerably  lower  than  in  the  normal  granodiorite. 

Alternating  with  the  broad  bands  are  very  numerous  dark  green-gray, 
highly  foliated  zones  of  nlica-gneiss  and  mica-schist,  both  very  rich  in  bio- 
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tite,  but  bearing  no  hornblende.  These  zones  were  regarded  in  the  field  a£ 
located  along  planes  of  maximum  shearing.  They  accord  very  faithfully  in 
attitude  with  a  strike  of  north  2  to  25  degrees  west  and  a  dip  neariy  verti- 
calj  but  sometimes  75  degrees  or  more  to  the  east-northeast — structural 
elements  induced  by  regional  orogenic  movements  in  the  Cordillera.  It  is 
improbable  that  the  banding  represents  peripheral  schistosity  about  the 
Catliedral  batholith.  The  chief  reason  for  excluding  this  view  is  that 
peripheral  schistosity  is  lacking  in  the  great  Similkameen  batholith,  which 
is  also  cut  by  the  Cathedral  granite.  It  appears,  on  the  other  hand,  that 
the  Remmel  batholith  was  already  crushed  and  its  banding  produced  be- 
fore either  the  Similkameen  or  Cathedral  granite  was  intruded. 

Six-sevenths  of  the  total  area  mapped  in  the  Remmel  batholith  is  under- 
laid by  hornblende-bearing  rock  much  more  nearly  identical  with  the 
original  granodiorite.  In  fact  the  description  of  the  granodiorite  has 
been  based  on  specimens  taken  from  the  more  massive  rock  facies  occur- 
ring in  the  larger  area.  The  rocks  of  this  "Western  phase"  are  crushed 
and  sheared,  but  distinctly  less  so  affected  than  the  mass  forming  the 
Eastern  phase.  Where  strong  shear  zones  occur  in  the  Western  phase 
they  are  occupied  by  dark  greenish-gray,  fine  grained,  fissile  hornblende 
gneiss  very  rich  in  hornblende  and  similar  to  the  secondary  filling  of 
shear  zones  in  the  Osoyoos  granodiorite.  Between  these  narrow  shear 
zones  the  more  normal  rock  usually  shows  mechanical  granulation  and 
fracture  rather  than  extensive  recrystallization. 

Interpretations  of  the  Eastern  and  Western  phase. — Three  interpreta- 
tions of  the  two  phases  are  conceivable.  They  may  be  supposed  to  be  dis- 
tinct iotrusions  of  two  different  magmas ;  or,  secondly,  original  local  dif- 
ferentiation products  in  the  one  batholith;  or,  thirdly,  distinguished  in 
their  present  compositions  because  of  the  unequal  dynamic  metamorphism 
of  a  once  homogeneous  magma.  Against  the  first  view  is  the  fact  that  the 
two  phases,  where  in  contact,  seem  everywhere  to  pass  insensibly  into  each 
other.  In  favor  of  the  third  view  are  several  facts  which  do  not  square 
with  the  second  hypothesis,  and  the  writer  has  tentatively  come  to  the  con- 
elusion  that  tlie  third  hypothesis  is  the  correct  one.  Among  those  factti 
are  the  following : 

1.  The  Eastern  phase  covers  that  part  of  the  Bemmel  body  which  ha^ 
suffered  the  greatest  amount  of  dynamic  stresses  exhibited  either  in  the 
Eemmel  or  in  any  other  of  the  larger  components  of  the  Okanagan  Com- 
posite batholith.  It  has  been  seen  that  the  less  intense  though  still  nota- 
ble dynamic  metamorphism  of  the  Osoyoos  granodiorite  led  to  the  special 
excretion  of  most  or  all  of  the  hornblende,  apatite,  magnetite,  and  titanite 
from  that  rock  and  the  secretion  of  those  leached-out  compounds  in  the 


free  spaeee  of  the  shear  zones.  The  biotite  was  similarly  segregated,  but 
its  mobility  was  found  to  be  considerably  less  than  that  of  the  hornblende. 
If  the  metamorphism  had  been  yet  more  energetic  in  the  Osoyoos  body, 
the  more  soluble  compounds  woidd  have  been  carried  away  completely 
and  the  whole  would  have  crystallized  in  the  form  of  acid  biotitic  gneiss 
banded  with  especially  micaceous  schists  in  the  zones  of  maximum  shear. 
Such  appears  to  the  writer  to  be  the  best  explanation  of  the  Eastern  phase 
of  the  Remmel  batholith. 

2.  The  composition  of  the  rock  and  the  fact  that,  as  above  mentioned, 
it  seems  to  have  been  thoroughly  recrystallized  into  a  strong,  well  knit, 
handed  gneiss  without  cataclastic  structure  agree  with  this  view. 

3.  The  conclusion  is  substantiated  in  the  study  of  more  moderate  shear- 
ing in  the  Western  phase  itself.  There  the  strongly  granulated  and  not 
recrystallized  granodiorite  shows  impoverishment  in  the  more  mobile 
hornblende  and  accessories,  which  are  segregated  into  intercalated,  re- 
crystallized bands.  Thus  hombleade-free,  crushed  rock  indistinguish- 
able in  composition  from  the  rock  of  the  Eastern  phase  occurs  sporadic- 
ally in  many  local  areas  within  the  normal  crushed  granodiorite  of  the 
Western  phase. 

In  summary,  then,  the  Remmel  granodiorite,  gneissic  biotite  granite, 
biotite  gneiss,  biotite  quartz  diorite,  and  hornblende  gneiss  appear  to  be- 
long to  a  single  batholithic  intrusion.  This  mass  was  originally  a  typical 
granodiorite.  It  has  been  dynamically  and  hydrothermally  metamorphosed 
with  intense  shearing  in  zones  trending  north  20  to  25  degrees  west. 
Over  most  of  the  batholith  so  far  investigated  these  zones  of  physical  and 
chemical  alteration  are  not  so  well  developed  as  to  obscure  the  essential 
nature  of  the  primary  magma  (Western  phase).  The  shearing  and  trans- 
formation are  much  more  profound  in  a  wide  belt  elongated  in  the  general 
structural  direction  north  25  degrees  west.  Here  the  rocks  are  well 
l>anded  biotite  gneisses,  the  material  of  which  is  residual  after  the  deep 
seated,  wholesale  leaching  of  the  more  basic  mineral  matter  from  the 
crushed  granodiorite  (Eastern  phase). 

KRUOER  ALKALINE  BODY 

Characteristics. — All  the  way  from  the  Great  plains  to  the  Pacific 
waters  nepheline  rocks  are  extremely  rare  on  the  49th  parallel  of  latitude. 
The  boundary  section  is  now  so  far  completed  that  it  can  be  stated  that  in 
the  entire  section  the  Kiuger  body  is  the  only  plutonic  mass  bearing  essen- 
tial nepheline;  it  is  likewise  the  most  alkaline  plutonic  mass. 

One  of  its  principal  characteristics  is  great  lithological  variability.  It 
varies  signally  in  grain,  in  structure,  and  above  all  in  composition.    All 
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the  varietal  rock  types  carry  essential  feldspars  of  high  alkalinity — raicro- 
perthite,  niicrocline,  soda-orthoclase,  and  orthoclase.  Nepheline,  biotite, 
brown-green  hornblende,  a  pyroxene  of  the  egerine-augite  series,  and 
nielanite  complete  the  general  list  of  essentials.  Titanite,  titaniferous 
magnetite  or  ilmenite,  rutile,  apatite^  and  acid  andesine,  Ab^^An,  (the 
last  entirely  absent  in  most  of  the  rock  phases),  form  the  staple  acces- 
sories, though  any  one  or  more  of  the  colored  silicates  may  be  only  ac- 
cessory in  certain  phases.  Muscovite,  hydronepheline,  kaolin,  calcite, 
epidote,  and  chlorite  are  secondary,  but  on  account  of  the  notable  fresh- 
ness of  the  rocks  are  believed  to  be  due  to  crush-me^tamorphism  more  than 
to  weathering. 

According  to  the  relative  proportions  of  the  essential  minerals,  at  least 
ten  different  varieties  of  alkaline  rock  have  been  found  in  the  body. 
These  are — 

Auglte-nepbeline  malignite,  Homblende-nepheline  flyenlte, 

Angite-blotite-nepheline  mallgnlte,  Blotite-melanlte-nepbeline  fiyenlte. 

Auglte-blotlte-melanlte  malignite,  Auglte-blotite-uepbellue  syenite, 

Homblende-augite  malignite,  Porphyritic  augite  syenite, 

Auglte-nepbeline  syenite,  Porphyritic  alkaline  biotite  syenite. 

There  is  a  question  as  to  how  far  this  list  of  varieties  actually  repre- 
sents the  original  magmatic  variation  within  the  body.  The  evidence  is 
good  that  the  augite  and  hornblende  and  a  part  of  the  biotite,  along  with 
the  feldspars  and  nepheline,  crystallized  from  the  magma.  It  is  not  cer- 
tain in  the  case  of  melanite  which,  in  the  Ontario  malignite,  as  describetl 
by  Lawson,  appears  to  be  a  primary  essential.*  Microscopic  study  shows 
that  much  of  the  melanite  in  the  Kruger  rocks  is  of  magmatic  origin,  but 
that  perhaps  much  more  of  it  has  replaced  the  pyroxene  during  dvnaniic 
metamorphism.  In  such  cases  the  pyroxene,  where  still  in  part  remain- 
ing, is  very  ragged,  with  granular  aggregates  of  the  garnet  occupying  the 
irregular  embayments  in  the  attacked  mineral.  A  further  stage  consists 
in  the  complete  replacement  of  the  augite  by  the  melanite  agg^regates 
which  are  shot  through  with  metamorphic  biotite.  These  peculiar  reac- 
tions between  the  pyroxene  and  the  other  components  of  the  rock  are  wide- 
spread in  both  syenite  and  malignite. 

All  the  phases  so  far  studied  in  this  natural  museum  of  alkaline  types 
can  be  grouped  in  three  classes — agranular  malignites,  granular  nepheline 
syenites,  and  coarsely  porphyritic  alkaline  syenites.  The  malignitic  varie- 
ties are  always  basic  in  look,  dark  greenish-gray  in  color,  and  medium  to 
coarse  in  grain  (specific  gravity,  2.757  to  2.967).  The  nepheline  sye- 
nites are  rather  light  bluish-gray  in  tint,  medium  to  fine  grained,  and 

*  Bullet  in,  Dept.  of  CSeology,  Unlveralty  of  California,  vol.  1,  190. 
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break  with  the  sonorous  ring  characteristic  of  phonolite  (specific  gravity, 
2.606  to  2.719).  The  third  class  of  rocks  is  much  less  important  as  to 
volume ;  they  are  always  coarse  in  grain,  of  gray  color,  and  charged  with 
abundant  tabular  phenocrysts  of  microperthite  which  range  from  2  to  5 
centimeters  in  length.  These  phenocrysts  as  well  as  the  alkaline  feldspars 
of  the  coarse  groundmas's  are  usually  twinned,  following  the  Carlsbad 
law — a  characteristic  very  seldom  observed  in  the  malignites  or  nepheline 
syenites. 

The  nepheline  syenites  often  send  strong  apophysal  offshoots  into  the 
malignites,  but  such  tongues  are  highly  irregular  and  intimately  welded 
with  the  adjacent  basic  rock  as  if  the  latter  were  still  hot  when  the  nephe- 
line syenites  were  intruded.  Moreover,  there  are  all  stages  of  transition 
in  a  single  broad  outcrop  between  typical  malignite  and  more  leucocratic 
rock  indistinguishable  from  the  nepheline  syenite  of  the  apophyses.  Sim- 
ilarly, even  with  tolerably  good  exposures,  no  sharp  contacts  could  be  dis- 
covered between  the  coarse,  porphyritic  syenites  and  the  other  phases. 
The  porphyritic  rocks  almost  invariably  showed  strong  and  unmistakable 
flow  structure,  evidenced  in  the  parallel  arrangement  of  undeformed 
phenocrysts ;  these  generally  lie  parallel  to  the  contact  walls  of  the  body 
as  a  whole.  The.phasal  variety  of  the  Kruger  body  and  the  field  relations 
of  the  different  types  seem  best  explained  on  the  hypothesis  that  the 
phases  are  all  nearly  or  quite  contemporaneous — the  product  of  rapid 
magmatic  differentiation  accompanied  by  strong  movements  of  the  magma. 
These  movements  continued  into  the  viscous  stage  immediately  preceding 
crystallization. 

The  average  composition  of  the  whole  Kruger  body  is  probably  that  of 
a  malignite  transitional  into  true  nepheline  syenite;  its  specific  gravity, 
about  2.750. 

Meiamorphism. — Few  of  the  specimens  collected  are  free  from  signs  of 
crushing.  This  has  sometimes  induced  a  decided  gneissic  structure,  and 
almost  always  the  microscope  shows  fracture  and  granulation.  The  abun- 
dant development  of  metamorphic  melanite  and  biotite  and  the  occasional 
production  of  large  potkilitic  scapolites  indicate  some  recrystallization 
through  dynamic  metamorphism.  The  abundance  of  microcline  and  the 
generally  subordinate  character  of  the  orthoclase  is  another,  yet  more 
familiar,  relation  brought  about  through  the  crushing.  The  mechanical 
alteration  of  these  rocks  is  far  from  being  as  thorough  as  in  the  case  of 
the  Osoyoos  batholith.  This  is  a  principal  reason  for  believing  that  the 
alkaline  mass  was  intruded  after  the  Osoyoos  granodiorite  had  been  itself 
well  crushed.  No  other  definite  field  evidence  for  or  against  that  view 
has  been  discovered.     However,  the  magmatic  relationships  between  the 
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uncrushed  Cathedral  and  Similkameen  batholitha  and  the  Kruger  body 
also  suggest  that  all  three  belong  to  one  eruptive  epoch  of  several  stages — 
an  epoch  long  subsequent  to  the  intrusion  of  the  Osoyoos  and  Remmel 
batholiths.  The  Similkameen  granite  is  clearly  intrusive  into  the  Kniger 
alkalines,  which  may  owe  their  strained  and  often  granulated  condition  to 
the  forceful  entrance  of  that  immense  and  immediately  adjoining  body  of 
granite  (see  figure  3). 

Three  complete  chemical  analyses  of  types  from  the  body  have  been 
made,  which  clearly  show  that  the  rare  family  of  malignites  is  here  repre- 
sented on  a  large  scale.  The  analyses  are  not  given  or  discussed  in  this 
paper^  as  their  details  are  scarcely  relevant  to  the  main  purposes  of  the 
geological  inquiry. 

8JMJLKAMEBN  GRANITE  BATHOLJTH 

Oeneral  character  and  mineral  ctmstituents. — ^The  staple  rock  of  the 
Similkameen  batholith  is  a  medium  to  coarse  grained,  light  pinkish-gray 
soda  granite.  Its  essential  constituents  are  hornblende,  biotite,  quartsc, 
basic  oligoclase  (averaging  Ab^An,),  and  the  alkaline  feldspars,  micro- 
perthite,  microcline,  microcline-microperthite,  and  orthoclase.  The  last 
named  is  characteristically  rare;  microperthite  is  the  most  abundant  of 
the  alkaline  feldspars.  The  accessories  are  magnetite,  apatite,  and  beau- 
tifully crystallized  titanite.  Allanite  is  a  rare  accessory ;  epidote  is  occa- 
sionally present,  but  apparently  is  secondary.  The  structure  and  order 
of  crystallization  are  normal  for  granites,  though  microperthite  is  often  in 
phenocrystic  development.  A  determination  of  the  weight  percentages  of 
the  constituents  found  in  a  type  specimen  collected  in  the  Similkameen 
River  valley  was  made  by  the  Bosiwal  method.    It  gave : 

Per  cent 

Oligoclase    29.8 

Microperthite  27.0 

Quarts    22.0 

Orthoclase  and  niicrocline a? 

Biotite    5.5 

j  Hornblende    4.2 

Magnetite  1.8 

Titanite 1.1 

Epidote  1.1 

Apatite    8 


100.0 


This  calculation  is  rough,  tliough  it  gives  a  calculated  specific  gravity 
for  the  rock  (2.682)  that  checks  well  with  the  observed  specific  gravity 
(2.693). 
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For  many  square  miles  together  the  great  central  portion  of  the  batho- 
lith  is  composed  of  this  rock — a  soda-rich  biotite-homblende  granite  of 
an  average  specific  gravity  of  2.706. 

At  the  head  of  Tonde  (or  Toat)  conlee  the  rock  of  a  large  area  within 
the  batholith  is  generally  porphyritic  and  distinctly  finer  grained  than  the 
staple  granite,  the  specific  gravity  averaging  2.675.  The  phenocrysts  are 
poikilitic  microperthites  bearing  many  inclusions  of  the  other  constit- 
uents. In  the  specimens  so  far  examined,  orthoclase  tends  to  dominate 
over  microperthite.  Near  the  contacts  with  the  normal  equigranular 
rock,  oligoclase  replaces  the  alkaline  feldspars  to  a  great  extent ;  yet  this 
phase  is  always  poorer  in  both  hornblende  and  biotite  than  the  normal 
phase,  which  is  thus  slightly  the  more  basic  rock.  The  finer  grained 
phase  was  seen  at  several  places  only  a  few  feet  from  the  coarser;  the  con- 
tact is  there  sharp,  but  the  absolute  relation  between  the  two  phases  could 
not  be  determined.  It  is  highly  probable  that  both  are  of  nearly  contem- 
poraneous origin,  the  intrusion  of  the  porphyritic  phase  having  followed 
that  of  the  equigranular  rock  by  a  short  interval,  as  if  in  consequence  of 
massive  movements  in  one  slightly  heterogeneous,  partially  cooled  magma. 
The  porphyritic  phase  often  shades  into  the  other  so  imperceptibly  that  a 
separation  of  the  two  phases  on  the  map  is  a  matter  of  great  difficulty,  if 
not  of  impossibility. 

The  material  of  the  batholith  is  further  varied  by  rather  rare  basic 
segregations.  These  have  the  composition  of  homblende-biotite  diorite, 
being  made  up  of  the  minerals  of  earlier  generation  in  the  host. 

Contact  basification. — Much  more  important  products  of  differentia- 
tion, as  shown  by  microscopic  analysis,  are  illustrated  in  a  wide  zone  of 
contact  basification.  Here  there  occur  several  related  types  of  alkaline 
or  subalkaline  syenites.  In  specimens  collected  along  the  contact  with 
the  Kruger  alkalines,  quartz  nearly  or  altogether  fails,  biotite  is  absent, 
and  abundant  diopsidic  augite  accompanies  the  essential  hornblende.  The 
feldspars  are  the  same  as  in  the  staple  rock,  with  basic  oligoclase,  AbsAn^, 
yet  more  abnndant  than  there.  Zircon  is  added  to  the  list  of  accessories. 
These  facts  and  the  general  habit  of  the  rock  relate  it  both  to  monzonitc 
and  to  genuine  alkaline  syenites.  The  chemical  analysis  closely  resembles 
that  of  the  typical  rock  from  Monzoni,  except  that  the  soda  is  strongly 
dominant  over  the  potash  (4.60  per  cent  of  NajO  to  3.00  per  cent  of 
K^O).  This  basic  phase  may  be  called  an  augite-homblende  soda  mon- 
zonite  of  a  specific  gravity  of  2.800-2.819.  It  is  known  to  extend  at  least 
1,200  yards  from  the  main  eastern  contact  of  the  batholith.  It  is  an 
open  question  as  to  how  far  this  basification  is  due  to  absorption  of  ma- 
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torial  from  the  adjacent  malignite-Bvenite  series  and  how  far  to  ordinary 
spontaneous  differentiation  along  the  batholith  walls. 

On  the  contact  with  the  quartzites  and  schists  of  mount  Chopaka  the 
basification  is  less  pronounced ;  compared  to  the  staple  granite,  this  phase 
is  poor  in  quartz  and  rich  in  oligoclase-andesine  and  hornblende.  It 
may  be  called  a  homblende-biotite  soda  monzonite  of  a  specific  gravity  of 
2.712-2.748. 

For  a  half  mile  or  more  northwest  of  the  contact  with  a  large  body  of 
schist  forming  the  Horseshoe  pendant  (figure  4)  the  batholith  exhibits  a 
third  basic  phase.  There  is  an  almost  complete  disappearance  of  alkaline 
feldspars,  other  characters  of  the  rock  remaining  essentially  like  those  of 
the  granite.  This  phase  is  a  homblende-biotite  quartz  diohte  of  a  specific 
gravity  of  2.736.  Here  again  there  is  doubt  as  to  the  exact  cause  of  the 
basification.  The  Horseshoe  pendant  is  largely  amphibolitic  in  composi- 
tion, and  it  is  possible  that  assimilation  of  material  from  these  schists  is 
partly  responsible  for  the  development  of  the  quartz  diorite. 

CATHEDRAL  GRANITE  BATHOLITH 

Character  of  the  material. — ^The  youngest  of  the  batholithic  intrusives 
is  petrographically  the  simplest  of  all.  Its  material  is  singularly  homo- 
geneous, both  mineralogically  and  texturally.  The  rock  is  a  coarse 
grained,  light,  pinkish-gray  biotite  granite  of  common  macroscopic  habit. 
The  essential  minerals  are  microperthite,  quartz,  oligoclase,  Ab,Ani, 
orthoclase,  and  biotite ;  the  accessories,  apatite  and  magnetite,  with  rather 
rare  titanite  and  zircon.  The  order  of  crystallization  is  normal  for  gran- 
'  ites.  Sometimes,  and  especially  along  contact  walls,  the  rock  is  porphy- 
ritic,  with  the  microperthite  developed  in  large  idiomorphic  and  poiki- 
litic  pheilocrysts,  which,  as  described  by  Calkins,  weather  out  with  a  reten- 
tion of  the  crystal  form. 
A  determination  of  weight  percentages  by  the  Bosiwal  method  afforded 

the  following  result : 

Per  cent 

Microperthite   40.3 

Quartz    35.7 

Oligoclase    11.0 

Orthoclase  7.0 

Biotite 5.0 

Magnetite  and  titanite 7 

Apatite J 

100.0 
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It  is  seen  by  inspection  of  the  weight  percentage  tables  that  this  granite 
carries  more  silica  than  does  the  granite  of  the  Similkameen  batholith, 
which  in  its  turn  is  more  acid  than  the  granodiorites. 

The  great  bulk  of  the  batholith  is  thus  composed  of  biotite  soda  granite 
(specific  gravity,  2.631). 

A  local  varietal  phase,  bearing  dark  green  hornblende  as  a  second  essen- 
tial, was  found  in  the  contact  zone,  400  yards  or  more  in  width,  alongside 
the  Similkameen  homblende-biotite  granite;  here  there  may  also  be  some 
slight  enrichment  in  oligoclase  at  the  expense  of  the  microperthite. 
Neither  hornblende  nor  biotite  is  abundant.  The  specific  gravity  of  this 
phase  is  2.644.  The  cause  of  the  basification  must  once  more  be  left  un- 
decided ;  it  may  lie  in  assimilation,  in  differentiation,  or  in  both. 

The  ordinary  basic  segregation  is  notably  rare  in  this  batholith.  A 
few,  with  the  composition  of  biotite  quartz  diorite,  w^re  seen,  but  they 
seldom  exceeded  a  few  inches  in  diameter. 

Younger  phase. — The  coarse  granite  had  been  intruded,  and  appar- 
ently so  far  cooled  that  joints  had  developed  within  its  mass,  when  a  sec- 
ond eruptive  effort  thrust  a  great  wedge  of  nearly  identical  magma  into 
the  heart  of  tjie  batholith.  This  may  be  called  the  Younger  phase  of  the 
Cathedral  batholith.  It  forms  a  large  dike-like  mass  3^  miles  long  and 
averaging  400  yards  in  width;  its  length  runs  about  north  60  degrees 
west  and  lies  parallel  to  a  system  of  master  joint  planes  within  the  Older 
phase. 

The  Younger  phase  has  the  same  general  color  as  the  coarse  granite, 
but  is  finer  grained,  more  regularly  porphyritic,  and  more  acid.  The 
microperthite  of  the  older  granite  is  here  largely  replaced  by  orthoclase 
and  microcline,  both  sodif erous ;  at  the  same  time  the  plagioclase  is  more 
acid,  being  oligoclase  near  AbgAn^.  The  accessories  are  the  same. as  in 
the  coarse  granite,  but  are  much  rarer.  Biotite,  too,  is  here  less  abundant. 
The  weight  percentages  are  approximately : 

Per  cent 

Quartz    38.8 

Orthoclase  and  microcline 33.4 

Oligoclase    17.6 

Microperthite   5.8 

Biotite    3.5 

Magnetite  6 

Apatite 3 

100.0 

The  Younger  phase  approaches  an  aplitic  relation  to  the  older.  The 
contacts  between  the  two  were  seen  at  several  points ;  they  are  sharp,  yet 


866  ft.  A.  DAtY — m»  O&AKAClAN  COMfOdtTfi  ftATflOLlTIl 

the  two  rocks  are  closely  welded  together,  and  it  seems  probable  that  the 
coarser  granite  was  still  hot  when  the  younger  granite  was  injected. 

PARK  ORANITB  STOCK 

The  Park  Granite  stock  measures  4  miles  in  length  by  2%  miles  in 
width  (figure  6).  This  granite  is  coarse,  unsqueezed,  and  in  almost  all 
respects  resembles  macroscopieally  the  Older  phase  of  the  Cathedral  bath- 
olith,  of  which  the  Park  granite  seems  to  be  a  satellite.  Under  the  micro- 
scope the  rock  differs  from  the  coarser  Cathedral  granite  chiefly  in  the 
entire  replacement  of  microperthite  by  orthoclase ;  so  that  this  granite  is 
a  normal  biotite  granite  rather  than  a  soda  granite.  The  greater  homo- 
geneity of  the  dominant  feldspar  may  explain  the  fact  that  the  Park 
granite  is  somewhat  more  resistant  to  the  weather  than  the  Older  phase  of 
the  Cathedral  batholith.  A  few  prisms  of  dark  green  hornblende  are 
accessory  in  much  the  same  proportion  as  in  the  Younger  phase  of  the 
Cathedral.  With  these  exceptions,  both  essential  and  accessory  constit- 
uents are,  in  individual  properties  and  in  relative  amounts,  practically 
identical  in  the  type  specimens  of  stock  and  the  Older  phase  of  the  bath- 
olith.   The  specific  gravity  of  the  Park  granite  is  2.673. 

A  second,  very  small  boss  of  the  Park  granite  occurs  within  the  mass  of 
the  Bemmel  batholith  some  5  miles  west-southwest  of  the  Park  Granite 
stock.  This  boss  is  circular  in  plan  and  measures  not  more  than  250 
yards  in  diameter. 

Geological  Relations 

The  Okanagan  mountains  are  among  the  most  accessible  in  the  whole 
trans-Cordilleran  section  along  the  49th  parallel.  Even  without  a  trail, 
horses  can  be  taken  to  almost  any  point  in  the  5-mile  belt.  Owing  partly 
to  mere  altitude,  partly  to  the  general  climatic  conditions,  the  summits 
are  often  well  above  the  timber  line,  while  the  mountain  flanks  are  clad 
with  the  woods  of  beautiful  park  lands.  Another  special  advantage  in 
determining  geological  relations  consists  in  the  freshness  of  the  rocks, 
which  have  bQ^n  heavily  glaciated  and  have  not  been  seriously  injured  by 
secular  decay.  With  a  little  searching,  excellent  and  often  remarkably 
perfect  exposures  of  every  formation  and  of  its  more  important  contacts 
can  usually  be  discovered.  Each  of  the  principal  field  relations  now  to 
be  noted  has  been  determined  not  from  one  contact  alone,  but  through  the 
accordant  testimony  of  several  favorable  localities. 

The  oldest  rocks  within  the  batholithic  area  are  the  Kruger  schists, 
with  their  associated  basic  intrusives,  and  the  roof  pendants  of  the  Simil- 
kameen  batholith  (figures  2,  3,  4,  5,  and  6).     Without  doubt  these  rocks 
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are  comparable  in  age  to  quite  similar  formations  forming  the  eastern 
limit  of  the  Okanagan  Composite  batholitb  as  a  whole.  From  the  eastern 
contact  of  the  Osoyoos  batholith  eastward  for  nearly  20  miles  the  rolling 
mountain  slopes  are  chiefly  underlain  by  an  intensely  folded,  mashed, 
and  metamorphosed  group  of  quartzites  and  phyllites,  in  which  there 
occur  intercalations  of  ancient  diabasic  rocks  with  occasionally  strong 
pods  of  semi-crystalline  limestone.  These  rocks  had  been  crushed  and 
dynamically  metamorphosed  before  the  intnision  of  the  oldest  component 
batholith  of  the  Okanagan  range.  Again  and  again  since  that  early 
period  of  metamorpliism  the  same  stratified  formations  have  been  gripped 
in  the  writhing  paroxysms  of  Cordilleran  revolutions.  So  extensive  has 
been  the  crumpling,  shearing,  and  overturning  that  it  must  ever  remain  a 
matter  of  the  utmost  diflficulty  to  reduce  the  series  to  stratigraphic  order. 
Within  the  belt  covered  by  the  Boundary  Commission  it  has  proved  so  far 
impossible  to  secure  either  a  bottom  or  top  to  the  scries.  Fossils  entirely 
fail.  All  that  can  be  said  concerning  the  age  of  the  metamorphosed  sedi- 
ments is  that  they  are  almost  certainly  Paleozoic.  In  many  respects  they 
have  lithological  characters  like  those  of  Carboniferous  formations  both 
in  California  and  British  Columbia.  It  is  very  possible  that  portions  of 
the  series  are  still  older.  From  analogies  drawn  from  better  known  re- 
gions in  the  Cordillera,  it  is  believed  that  the  basic  intrusives  of  moimt 
Chopaka  and  of  the  great  schist-^sedunent  area  east  of  Osoyoos  lake  are 
likewise  of  Paleozoic  age,  though  of  course  younger  than  the  schists  and 
quartzites  which  they  cut. 

Since  the  rocks  of  the  Basic  complex  are  crushed  and  metamorphosed 
in  as  extraordinary  degree  as  any  of  the  aboye-mentioned  formations,  the 
complex  is  regarded  as  a  Paleozoic  parallel  to  the  Chopaka  basic  intru- 
sives, though  perhaps  not  strictly  contemporaneous  with  the  latter.  For 
a  reason  already  noted,  the  Ashnola  gabbro  is  possibly  to  be  correlated  in 
age  with  the  larger  part  of  the  Basic  complex. 

The  mode  of  intrusion  and  therewith  the  structural  relation  of  each  of 
these  basic  masses  to  its  original  country  rock  can  not  be  declared.  In  the 
case  of  two  of  them — the  Basic  complex  and  the  Ashnola  gabbro— not  a 
fragment  of  the  invaded  formation  has  been  found.  It  is,  however,  im- 
probable that  any  of  these  bodies  ever  had  batholithic  dimensions.  Their 
present  isolated  positions  and  the  analogy  of  other  similar  gabbro-perido- 
tite  bodies  in  the  Cordillera  suggest  that  each  of  them  was  of  relatively 
small  size.  The  Chopaka  body  cross-cuts  the  bedding  of  the  quartzites 
and  schists.  It  may  be  in  "chonolithic"  relation  to  these — that  is,  it  may 
be  an  irregularly  shaped  mass  magmatically  injected  into  the  bedded 
rocks,  but  not,  as  with  a  true  laccolith,  following  bedding  planes.*     The 

•Cf.  Journal  of  Geology,  vol.  zlli,  1905,  p.  40S. 
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contacts  are  insufSeiently  shown  to  waiTant  any  decision  in  the  case.  The 
Ashnola  gabbro  may  similarly  be  the  residual  part  of  an  injected  body. 
That  it  was  a  comparatively  small  body  is  suggested  by  an  apparent  flow 
structure  still  preserved  even  in  the  medium  grained  facies  of  the  gabbro. 
In  a  batholithic  rock  of  that  texture,  fluidal  arrangement  of  the  minerals 
is  very  rare.  The  infinitely  diverse  composition  and  structure  of  the 
Basic  complex  much  more  clearly  points  to  a  non-batholithic  origin.  One 
imagines  rather  that  the  lithological  and  structural  complication  are  in 
this  case  such  as  might  appear  at  the  deep-seated  focus  of  an  ancient  vol- 
canic area.  The  geological  record  has,  however,  been  too  largely  obscured 
or  destroyed  that  any  of  these  hypotheses  concerning  the  basic  intrusives 
can  be  verified. 

One  fact  is  certain,  that  all  of  the  bodies  are  older  tlian  the  granites  by 
which  they  are  surrounded.  Their  contacts  with  the  granites  are  the 
sharpest  possible;  gabbro  or  peridotite  is  pierced  by  many  typical 
apophyses  of  granite  or  granodiorite  which  has  often  shattered  the  basic 
rocks  and  isolated  blocks  which  now  lie  within  the  basic  body.  Here 
there  is  no  question  of  the  gabbros  being  differentiation  products  from 
their  respective  granitic  magmas,  as  so  often  described  in  the  granodiorite 
batholiths  of  California.*  There  remains,  secondly,  the  conclusion  that 
these  basic  intrusives  were  probably  not  of  batholithic  size.  They  show- 
that  some  time  before  the  real  development  of  the  Okanagan  Composite 
batholith  began,  a  basic,  subcrustal  magma  was  erupted  on  a  limited 
scale — ^possibly  in  the  form  of  stocks,  possibly  in  the  form  of  chonoliths. 

Undoubted  batholithic  intrusion  b^an  with  the  irruption  of  the  grano- 
diorites.  The  familiar  phenomena  of  such  intrusion  are  exhibited  along 
the  contacts  of  the  Osoyoos  batholith.  For  several  hundred  yards  from 
the  igneous  body  the  phyllites  have  been  converted  into  typical,  often  gar- 
netiferous,  mica  schists.  This  collar  of  thermal  or  hydrothermal  meta- 
morphism  would  doubtless  be  yet  more  conspicuous  if  at  the  time  of 
intrusion  the  Paleozoic  series  had  not  already  been  partly  recrystallized 
in  the  earlier  dynamic  metamorphism  of  the  region. 

The  Remmel  batholith  is,  as  we  have  seen,  composed  of  granodiorite 
similar  in  original  composition  to  the  rock  of  the  Osoyoos  batholith. 
Fossiliferous  Lower  Cretaceous  arkose  sandstones,  grits,  and  conglom- 
erates overlie  the  Remmel  unconformably.  The  materials  for  these  rocks 
were  in  part  derived  from  the  secular  weathering  of  the  Remmel  grano- 
diorite, the  weathering  being  accompanied  by  rapid  deposition  of  the 
debris  in  a  local  sea  of  transgression.  Arkose  sandstones,  which  alone 
measure  more  than  10,000  feet  in  thickness,  were  thus  deposited  in  a 

*See  many  of  tbe  Callfomlan  folios  Issued  by  the  U.  S.  Geological  Survey. 
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down-warped  marine  area  just  west  of  the  Pasayten  river.  To  furnish 
such  a  volume  of  sediment,  there  would  appear  to  have  been  in  the  region, 
preferably  to  the  eastward  of  the  Pasayten,  a  much  larger  area  of  granitic 
rocks  than  is  now  represented  in  the  Remmel  and  Osoyoos  batholiths  com- 
bined. It  is  possible,  indeed,  that  at  that  time  these  two  batholiths  were 
part  of  one  huge  mass  of  granodiorite  which  largely  occupied  the  site  of 
what  is  now  the  Okanagan  Composite  batholith.  Both  Remmel  and 
Osoyoos  granodiorites  have  suflFered  profound  metamorphism,  so  similar 
in  its  effects  in  the  two  rock  masses  that  it  may  most  simply  be  attributed 
to  the  same  period  of  orogenic  disturbance.  The  systematic  parallelism 
of  the  shear  zones  in  each  batholith  and  the  fair  accordance  in  trends  of 
the  zones  occurring  in  both  batholiths  suggest  that  there  has  been  but  one 
such  revolutionary  disturbance  since  the  batholiths  were  irrupted.  If 
this  be  true,  the  period  is  identical  with  the  post-Lower  Cretaceous  epoch, 
when  the  Pasayten  Lower  Cretaceous  was  thoroughly  folded  and  crushed 
into  its  present  greatly  deformed  conditions  in  the  Hozomeen  range. 

The  Osoyoos  and  Remmel  batholiths  are  thus  probably  contempo- 
raneous probably  both  post-Carboniferous  and  certainly  pre-Cretaceous. 
It  is  best  to  correlate  them  with  similarly  huge  bodies  of  granodiorite 
determined  as  Jurassic  in  California  and  southern  British  Columbia. 

It  should  be  noted  that,  since  the  Remmel  granodiorite  disappears 
under  the  cover  of  Ix)wer  Cretaceous  at  the  Pasayten,  60  miles  is  the 
minimum  width  of  the  Okanagan  Composite  batholith. 

In  the  latter  part  of  the  Jurassic  the  granodiorite  batholith  w^as  un- 
covered^ by  erosion,  then  down  warped  to  receive  a  vast  load  of  quickly 
accumulated  sediments  until  more  than  30,000  feet  of  the  Pasayten  Cre- 
taceous beds  were  deposited  in  the  area  between  the  Pasayten  and  Skagit 
rivers.  As  yet  there  is  no  means  of  knowing  how  far  this  filled  geosra- 
clinal  extended  to  the  eastward,  but  it  doubtless  spread  over  most  of  the 
area  now  occupied  by  the  Okanagan  Mountain  range. 

The  prolonged  sedimentation  was  followed  by  an  orogenic  revolution 
that  must  have  rivaled  the  mighty  changes  of  the  Jurassic.  The  Cre- 
taceous formation  was  flexed  into  strong  folds  or  broken  into  fault  blocks 
in  which  the  dips  now  average  more  than  45  degrees  and  frequently  ap- 
proach verticality.  It  was  probably  then  that  the  Jurassic  granodiorites 
were  sheared  and  crushed  into  banded  gneisses  and  gneissic  granites  essen- 
tially the  same  as  the  rocks  now  exposed  in  the  Remmel  and  Osoyoos  bath- 
oliths. No  sediments  known  to  be  of  later  age  than  the  Lower  Cre- 
taceous have  been  found  in  this  part  of  the  Cascade  system ;  hence  it  is 
not  easy  to  date  this  orogenic  movement  with  certainty.  Dawson  has 
already  summarized  the  evidence  going  to  show  that  many,  perhaps  all. 
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parts  of  the  Canadian  Cordillera  were  affected  by  severe  orogenic  stresses 
at  the  close  of  the  Laramie  period.*  It  is  probable  that  the  stresses  were 
even  greater  along  the  Pacific  coast  than  they  were  in  the  eastern  zone, 
where  the  Rocky  Mountain  system  was  built.  To  this  post^Laraniie,  pre- 
Eocene  epoch  the  shearing  of  the  granodiorites  may  be  best  referred. 

We  have  seen  that  there  are  good  reasons  for  considering  the  composite 
Kruger  Alkaline  body  as  younger  than  the  granodiorites.  It  is  clearly 
older  than  the  Similkameen  granite,  as  proved  by  the  discovery  of  fine 
apophyses  of  the  granite  cutting  the  nepheline  rocks.  The  Kruger  body 
once  extended  some  distance  farther  west  over  an  area  now  occupied  by 
the  granite.  The  former,  when  first  intruded,  was  an  irregularly  shaped 
mass  iiithout  simple  relation  to  its  country  rocks,  the  Paleozoic  complex. 
The  mode  of  intrusion  was  that  of  either  a  stock  or  a  chonolith.  In  the 
first  case  the  body  was  subjacent  and  enlarged  downwardly ;  in  the  second 
case  it  was  injected  and  its  downward  cross-section  may  have  diminished. 
As  with  so  many  other  instances,  the  contacts  are  too  meagerly  exposed  to 
fix  the  true  alternative.  The  nepheline  syenite  was  in  part  injected  into 
the  nearly  contemporaneous  malignite.  The  common  fluidal  structure  of 
these  rocks  also  points  to  a  mode  of  wedge  intrusion  more  like  that  of 
dike  or  laccolith  than  like  that'  of  a  stock.  The  Kruger  body  may  thus 
represent  a  composite  chonolith,  but  the  problem  of  its  style  of  intrusion 
must  remain  open.  The  date  of  the  intrusion  was  post-Laramie.  The 
alkaline  magma  may  have  been  squeezed  into  the  schists  while  mountain 
building  progressed  or  after  it  had  ceased.  The  crushing  and  incipient 
metamorphism  of  this  body  is  on  a  scale  more  appropriate  to  the  thrust 
resulting  from  the  irruption  of  the  younger  Similkameen  granite*than  to 
the  more  powerful  squeezing  effect  of  the  post-Laramie  mountain  building. 

True  batholithic  irruption  was  resumed  in  the  replacement  of  schists, 
nepheline  rocks,  and  possibly  much  of  the  granodiorite  by  the  Simil- 
kameen batholith.  This  great  mass  \b  uncrushed,  never  shows  gneissic 
structure,  and  has  never  been  significantly  deformed  through  orogenic 
movements. 

The  composite  batholith  received  its  last  structural  component  when 
the  Cathedral  granite  finally  cut  its  way  through  Remmel  granodiorite, 
Similkameen  granite,  remnant  Paleozoic  schists,  and  possibly  through 
Cretaceous  strata,  to  take  its  place  as  one  of  the  most  imposing  geological 
units  in  the  Cascade  system.  The  field  proofs  are  very  clear  that  the 
Similkameen  granite  was  solid  and  virtually  cold  before  this  last  granite 
ate  its  way  through  the  roots  of  the  mountain  range.     See  the  large  in- 
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trusive  tongties  cutting  the  schist  pendant  north  of  Horseshoe  monntftin, 
as  ilhistnited  in  figure  4.  The  contacts  between  the  two  batholiths  are  of 
knife-edge  sharpness.  The  younger  granite,  persisting  in  all  essential 
characters  even  to  the  main  contacts,  sends  powerful  apophyses  into  the 
older  granite,  exactly  as  if  the  two  batholiths  were  in  age  several  geological 
periods  apart.  Both  are  of  Tertiary  age  and  bear  witness  to  the  tremen- 
dous plutonic  energies  set  free  in  a  hte  epoch  of  Cordillcran  history. 
Qnietly,  but  with  steady,  incalculable  force,  this  youngest  magma  worked 
its  way  upward  and  replaced  the  invaded  rocks.  During  the  same  time 
the  sateliitic  Park  granite  was  irrupted  with  the  stock  form  and  relations. 
Smith  and  Mendenhall  have  described  a  large  batholith  of  "quartz 
niomsonite  or  quartz  diotite"  (granodiorite?)  intrusive  into  Miocene  ar- 
gillites  at  Snoqualmie  pass  in  the  northern  Cascades  and  100  miles  south- 
west of  Osoyoos  lake.*  This  is  one  of  the  youngest  batholiths  yet  de- 
scribed in  the  world.  The  more  basic  phases  of  the  Similkameen  batho- 
lith present  similarities  to  the  rock  at  Snoqualmie  pass.  It  is  thus  pos- 
Bible  that  the  Similkameen  granite  was  irrupted  in  late  Miocene  or  even 
in  Pliocene  time ;  the  Cathedral  batholith  is  yet  more  recent. 

B£sum£  of  the  Geological  History 

The  stipes  in  the  petrological  development  of  the  Okanagan  Composite 
batholith  as  it  now  exists  may  now  be  summarissed.  We  begin  with  the 
coldest  stage  that  is  of  importance  in  this  particular  history : 

1.  Intense  metamorphism  of  Paleozoic  and  earlier  formations  (prob- 
ably) in  the  late  Carboniferous  period,  accompanied  or  soon  followed  by 
the  intrusion  of  the  Chopaka,  Ashnola,  and  Basic  Complex  gabbros  and 
peiidotitciB  in  chonolithic  (?)  or  other  relations.  Differentiation  within 
these  bodies. 

2.  In  Jurassic  time,  batholithic  irruption  of  the  Osoyoos  and  Rcmmel 
granodiorites.  Contact  differentiation  of  quartz  diorite  in  the  former,  at 
least 

3.  Rapid  denudation  of  the  granodiorite  batholiths  in  the  late  Jurassic ; 
locftl  subsidence  of  their  eroded  surface  beneath  the  sea,  there  to  be  cov- 
ered with  a  thick  blanket  of  Cretaceous  sediments  which  are  in  part  com- 
posed of  debris  from  the  granodiorite  itself. 

4.  At  the  close  of  the  liaramie  period,  revolutionary  orogenic  disturb- 
ance^ shearing  and  crushing  the  granodiorites  and  basic  intrusives.  In 
the  former,  development  of  strong  crush-foliation  and  banding  with  the 

•Bull.  Geol.  8oc.  Anf.,  vol.  11,  1900,  p.  223. 

XXXIII— Bull.  Gbol.  Soc.  Am.,  Vol.  17,  1905 


362  R.  A.  DALY THE  OKANAGAN   COMPOSITE  BATUOLITH 

lormation  of  new  rock  types,  including  biotite-epidote-homblende  gneiss, 
biotite-epidote  gneiss,  basic  hornblende  gneiss,  biotite  schist,'  hornblende 
schist,  and  recrystallized  biotite  granite-gneisses;  in  the  basic  intmsives, 
development  of  metagabbro  and  various  basic  (dioritic)  gneisses  and 
homblendites.     Simidtaneous  strong  folding  of  the  Cretaceous  strata. 

5.  Either  accompanying  or  following  the  post-Laramie  deformation, 
the  (chonolithic?)  intrusion  of  the  Kruger  Alkaline  body,  which  consists 
of  nearly  synchronous  masses  of  nepheline  syenite  and  malignite.  In 
these  at  least  ten  different  rock  types,  due  in  part  to  the  splitting  of  an 
alkaline  magma  and  in  part  to  later  rynamic  metamorphism,  have  been 
recognized. 

6.  In  Tertiary  time  the  batholithic  irruption  and  complete  crystalliza- 
tion of  the  soda-rich  Similkameen  hornblende-biotite  granite,  its  contact 
basification  forming  soda-monzonites  and  quartz  diorites. 

7.  In  later  Tertiary  time  the  batholithic  irruption  of  the  Cathedral  bio- 
tite granite,  Older  phase,  accompanied  by  the  intrusion  of  the  Park  Gran- 
ite stock,  immediately  followed  by  the  injection  of  the  Cathedral  granite, 
Younger  phase,  within  the  body  of  the  Older  phase. 

8.  Removal  by  denudation  of  much  of  the  cover  over  each  intrusive 
body.  Complete  destruction  of  the  Cretaceous  cover  except  at  the  Pasay- 
ten  River  overlap.  Certain  dikes  of  olivine  basalt  injected  into  the  Cathe- 
dral and  other  granites  are  apparently  of  Pleistocene  age  and  represent  the 
latest  products  of  eruptive  activity  in  the  Okanagan  range.  These  dikes 
are  quantitatively  of  no  importance  in  the  development  of  the  composite 
batholith  itself. 

Sequence  of  the  eruptive  Rocks 

-  The  summary  has  been  recast  so  as  to  show  more  conveniently  the  order 
in  which  the  various  intrusions  took  place.  The  resulting  table  also  con- 
tains-a  column  showing  the  average  specific  gravity  of  the  rock  composing 
each  eruptive  body.  These  values,  as  is  the  case  with  all  values  given  in 
this  paper,  were  obtained  by  the  use  of  entii-e  hand  specimens  varying  in 
weight  from  a  half  pound  to  two  pounds.  A  large,  sensitive  bullion  bal- 
ance was  found  to  be  specially  adapted  to  the  purpose.  This  method  has 
several  advantages  over  rai)id  methods  in  which  only  small  rock  fragments 
are  used.  The  larger  the  specimen  weighed,  the  greater  is  the  probability 
that  the  average  density  is  secured  and  the  smaller  the  chance  for  error 
through  adhering  air  bubbles.  A  third  reason  for  preferring  this  method 
is  that  the  shape  of  a  trimmed  hand  specimen  need  never  be  impaired  in 
obtaining  the  rock  chip  usually  emi^loyed  for  specific  gravity  determina- 
tions. 


S£QUE^X'£  OF  THE  ERUPTIVE  ROCKS 

The  observations  were  made  at  room  temperatures : 
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Magmatic  stages  la  to  36,  inclusive,  afforded  non-alkaline  rocks  rich  in 
hornblende  and  carrying  plagioelase,  either  basic  or  of  medium  acidity,  as 
the  dominant  feldspar.  These  bodies  may  be  regarded  as  belonging  to 
one  consanguineous  series.  Magmatic  stages  4  to  7,  inclusive,  afforded 
alkaline  rocks  bearing  nepheline  in  the  most  basic  phases  and  micro- 
perthite  (orthoclase  in  66  and  7)  as  the  dominant  feldspar  throughout  the 
series  except  in  certain  basified  contact  zones.  This  group  belongs  to  a 
second  consanguineous  series.  Each  series  shows  a  steady  increase  of 
acidity  and  decrease  of  density  as  its  different  members  were  successively 
intruded.  With  the  exception  of  one  abnormal  stage,  the  same  double 
law.  underlies  the  entire  magmatic  succession.  This  exception  is  found 
in  the  Kruger  Alkaline  body,  which  in  almost  every  other  respect  as  well 
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is  anomalous  among  these  maaaes.  The  comparatively  small  size  and  the 
isolation  of  the  nepheline-rock  body  and  its  structural  characteristics  and 
relations  appear  to  warrant  the  conclusion  that  it  is  the  product  of  a  very 
special  differentiation.  Neither  malignite  nor  nepheline  syenite  seems 
to  represent  a  general  subcrustal  magma  in  the  region  at  any  time.  It  is 
different  with  the  small  bodies  of  gabbro  in  the  roof  pendants  of  the  bath- 
oliths.  The  repeated  occurrence  of  gabbro,  not  only  in  the  Okanagan 
range,  but  throughout  the  length  and  breadth  of  the  Cordillera,  as 


FioDBi  7. — Oround  Plan  Bhawing  BdatUma  of  the  Ca9tl0  Peak  Granodiorite  to  the  de- 
formed Paaapten  Formation. 


Htrlke  and  dip  lines  In  solid  black ;  faults  In  broken  lines. 

Scale,   1:116,000. 


Figures  show  ralues  of  dip. 


throughout  mountain  ranges  all  over  the  world,  signifies  the  strong  proba- 
bility that  the  bodies  now  occurring  as  the  Ghopaka,  Ashnola,  and  Basic 
Complex  intrusives  emanated  from  a  general  basic  cotiche  underlying  the 
mountain  range. 

Excluding  the  Kniger  Alkaline  body,  then,  it  is  seen  from  the  table 
and  from  the  petrographical  descriptions  that  both  of  the  respectively 
consanguineous  series  belong  to  a  still  greater  series  forming  one  petro- 
genic  cycle.     In  this  cycle  the  law  of  increasing  acidity  and  diminishing 
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density  of  the  materials  successively  irrupted  and  crystallized  is  rigidly 
followed. 

For  a  new  reason,  therefore,  it  is  profitable  to  regard  the  many  intru- 
sive bodies  as  forming  a  single  composite  batholith.  Favoring  that  con- 
cept, the  chemical  and  physical  nature  of  the  unit  masses,  systematically 
variable  as  these  are,  and  the  general  geological  structure  of  the  Okanagan 
Range  alike  command  attention.  To  the  petrographical  systematist  the 
inclusion  of  such  rocks  as  peridotites  and  gabbros  with  nepheline  syenites 
and  malignites  may  be  like  classifying  bats  with  birds,  but  the  geological 
and  even  genetic  connection  of  both  alkaline  and  non-alkaline  types  is 
here  manifest,       .       . -r-  . 

Nature  op  batholithic  Intrusions 

REPLACEMENT  THEORY  AND  ILLUSTRATION 

Year  by  year  thel3<9i¥iction  Has  been  growing  ever  stronger  in  the  mindis 
of  many  able  geologists  that  such  a  batholith  as  any  one  et  those  herje 
described  has  assumed  its  present  sise  and  position  by  actually  replacing 
an  equal  or  approximately  equal  mass  of  the  older  solid  rock.     The  Okan- 
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FiGUBB  8. — Contact  Burface  between  the  Castle  Peak  Cfranediorite  and  tilted  Cretaceous 

Sandstones  and  Arffillites. 

Tbe  section  Is  shown  tn  the  wall  of  a  glacial  cirque  at  the  eastern  end  of  the  stock,  the 
point  marked  "A"  In  figure  7.     Scale,  1  Ineh  to  175  feet. 

agan  Composite  batholith  repeatedly  illustrates  this  truth.  The  writer 
is  frankly  unable  to  conceive  that  the  huge  Cathedral  batholith,  for  ex- 
ample, could  have  been  formed  by  any  process  of  simple  injection  without 
leaving  abundant  traces  of  prodigious  rending  and  general  disorder  in  the 
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granites  alongside.  We  hate  seen,  on  the  contrary,  that  the  Similkaraeon 
granite  on  the  east  is  notably  free  from  such  records  of  orogenic.  turmoil, 
while  the  shear  zones  of  the  Remmel  batholith  on  the  west  most  probably 
antedate  the  ^Cathedral  granite  intrusion.  The  very  scale  of  these  great 
bodies  is  suggestive  of  bodily  replacement ;  it  is  hard  to  visualize  an  earth's 
crust  which  would  so  part  as  to  permit  of  the  laccolithic  or  chonolithic 
injection  of  a  mass  as  great  as  a  batholith. 

The  general  absence  of  bedded  rocks  into  which  any  one  of  the  batho- 
liths  was  irrupted  means  that  some  of  the  usual  criteria  of  replacement 
can  not  be  applied.     It  is  therefore  a  matter  of  special  importance  that  a 


FiQUBi  9. — PluH0ino  Contact  Surface  hettoeen  intrusive  Oranodiorite  and  Cretaceamn 

Arifillitea  and  Sandstones. 

Drawn  from  a  photograph  of  the  west  end  of  the  Castle  Peak  stock.  View  look» 
south.  Contact  shown  by  heavy  line  In  middle  of  view ;  the  point  **B*'  In  figure  7  la  at 
the  upper  end  of  this  line.  Intrusive  granodlorlte  on  left,  arglUltes  and  sandstone  on 
right.  The  vertical  distance  between  the  two  ends  of  the  contact  line  as  drawn  Is  IJ^m 
feet.     Castle  peak  on  the  left. 

small  Tertiary  stock,  such  as  Castle  peak,  a  satellite  of  the  composite 
batholith  itself,  gives  unequivocal  proof  of  the  doctrine  of  batholith ie  re- 
placement. 

The  Castle  Peak  stock,  which  covers  10  squace  miles  in  area,  is  located 
on  the  divide  between  the  Pasayten  and  Skagit  rivers,  in  the  nigged 
crest  of  the  Hozomeen  division  of  the  Cascade  range.  The  peak  is  the 
highest  of  a  group  of  noble  mountains  lying  wholly  or  in  part  within  this 
small  plutonic  area.  This  igneous  body  is  composed  of  typical  granodio- 
rite  with  a  strong  basified  contact  zone  of  homblende-biotite  quartz  dio- 
rite.     The  area  and  ground  plan  of  the  stock  are  shown  in  figure  T.     The 
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country  nxiks  are  Cretaceous  argillites  and  sandstones,  so  folded  and 
faulted  as  to  present  dips  varying  from  40  to  90  degrees.  Lines  of  strike 
and  characteristic  dips  are  illustrated  in  the  diagrammatic  map. 

It  can  be  seen  from  the  map  that  the  stock  is  not  in  laccolithic  rela- 
tions ;  but  only  in  the  field,  as  one  follows  the  wonderfully  exposed  contact 


Figure  10. — Plunffing  Contact  Surface  between  intrusive  QranodioHte  {on  the  ri(/ht) 
and  Cretaceous  Formation  (on  the  left). 

Drawn  from  a  photograph  taken  on  the  north  side  of  the  Castle  Peak  stock,  near  the 
point  "C,"  figure  7.  View  looking  east.  Contact  shown  by  heavy  line  in  middle  of 
view.  Granodiorite  on  right  and  Cretaceous  formation  on  left.  The  vertical  distance 
lietween  the  two  ends  of  the  contact  line  as  drawn  is  1,700  feet ;  contact  also  located  In 
the  background  with  broken  lines. 

line,  does  one  appreciate  the  fullness  of  the  evidence  that  the  plutonic 
mass  is  a  cross-cutting  body  in  every  sense.  Even  where  the  contact  line 
locally  coincides  in  direction  with  the  strike  of  tfce  sediments,  as  at  the 
eastern  end  of  the  stock,  the  dipping  strata  are  sharply  truncated  by  the 
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granodiorite  (figure  8).  Moreover,  the  granodiorite  was  not  introduced 
by  any  system  of  cross-faults  or  peripheral  faults  dislocating  the  sediment- 
ary rocks.  Owing  to  the  special  attitudes  of  the  latter,  the  strike  and  dip 
of  the  beds  would  be  peculiarly  sensitive  to  «uch  dialocation.  The  fault- 
ing actually  displayed  in  the  Cretaoeous  beds  is  strike  faultipg  and  was 
completed  before  the  granodiorite  was  intruded  (figure  T).     The  igneous 


FiODBB  11. — Plunffing  Contact  Surface  betweeti  intntaiv^  Qri^k^dioriU  and  Cretao^omM 

Drawn  from  a  photograpli  tal(en  on  tlie  louth  ildt  9l  the  C%0A9  Poftk  atodu  near  the 
point  "D,"  figure  7.  View  looking  east.  Contact  shown  by  lieavy  line,  right  center  of 
view.  Granodiorite  on  left,  Cretaceous  formation  on  right.  The  Tertlcal  distance  be- 
tween the  two  ends  of  the  contact  line  as  drawn  is  800  feet  The  highest  summit  is 
Castle  peak. 

body  is  thus  neither  a  bysmalith  nor  a  chonolith.  The  magma  entered 
the  tilted  sediments,  quietly  replacing  cubic  mile  after  cubic  mile  until  its 
energies  failed  and  it  froze  in  situ. 

Not  only  so ;  the  superb  exposures  seen  at  many  points  in  the  deep  can- 
yons trenching  the  granodiorite  illustrate  with  quite  spectacular  effect  the 
downward  enlargement  of  the  intrusive  body.  At  both  ends  and  on  both 
sides  of  the  granodiorite  ]>ody  the  st^p  mountain  cliffs  exhibit  the  intru- 
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siviB  contact  surface  through  vertical  depths  of  from  300  to  2,200  feet. 
In  every  case  the  contact  surface  dips  away  from  the  granodiorite,  plung- 
ing under  sandstone  or  argillite  and  truncating  the  beds.  The  angle  of 
this  dip  varies  from  less  than  20  degrees  to  80  or  85  degrees  (figures  9, 10, 
11,  and  12).  On  the  north  side  of  the  granodiorite  a  section  of  the 
domed  roof  of  the  magma  chamber  still  renuiins  (figure  12).  It  is  note- 
worthy that  a  well  developed  system  of  rifts  or  master  joints  in  the 
granodiorite  seems,  with  its  low  dip,  to  be  arranged  parallel  to  the  north 
sloping  roof,  as  if  due  to  the  contraction  of  the  igneous  rock  on  losing 
heat  upward  by  conduction. 
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5300 
FiGDBB   12. — Intru9iv§  Contact  between  Granodiorite  and  nearly  vertical   Cretaceoun 

Argillitee, 

Sketched  In  the  field,  on  the  north  side  of  the  Caiitle  Peak  stock,  and  seen  in  the  wall 
of  a  deep  canyon  near  the  point  **E/*  figure  7.  Granodiorite  on  right  and  argilllteH  on 
left 

This  fact  of  downward  enlargement  makes  it  still  more  surely  impos- 
sible to  conceive  that  the  granodiorite  was  injected  into  the  sediments  by 
filling  a  cavity  opened  by  orogenic  energy.  A  visible  section  even  2^200 
feet  deep  does  not  prove  the  continuance  of  downward  enlargement  with 
depth ;  yet  there  is  no  logical  reason  to  doubt  that  at  least  the  steeper  ob- 
served dips  of  t^e  igneous  contact  surface  are  but  samples  of  its  dips  for 
several  miles  beneath  the  present  land  surface.  Moreover,  if  the  grano- 
diorite made  its  own  way  through  the  stratified  rocks  and  was  not  an  in- 
jeeted  body,  passively  yielding  to  ordinary  erogenic  pressures,  there  must 
have  been  free  communication  between  the  now  visible  upper  part  of  the 
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magma  chamber  and  the  hot  interior  of  the  earth.  Downward  enlarge- 
ment is  not  only  proved  in  visible  clif!  sections ;  it  is  demanded  as  a  neces- 
sary condition  of  heat  supply  during  spontaneous  intrusion. 

The  Castle  Peak  plutonic  body  thus  appears  to  be  a  typical  stock,  an 
intrusive  mass  (a) without  a  true  floor,  (h)  downwardly  broadening  in 
cross-section,  and  (c)  intruded  in  the  form  of  fluid  magma,  actively, 
though  gradually,  replacing  the  sedimentary  rocks  with  its  own  substance. 
It  is  the  most  ideally  exposed  stock  of  which  the  writer  has  any  record. 


BATHOLITHW  INTRUSION  BY  MAQMATW  RBPLACKMENT 

Without  needing  to  revert  to  the  accordant  discoveries  of  masters  in 
geology — of  Suess^  Barrois,  Michel  L6vy,  Lacroix,  Lawson,  Dawson,  and 
many  others — we  have  here,  within  the  Cascade  mountains  themselves. 


TT' 


FiorBK  13. — Plunging  inirusire  Contact  Surfate  between  the  $imilkameen  Oranitr  and 
the  Chopaka  Root  Pendant. 

Contact  Bhown  in  broken   lines.     The  vertical   distance  between   the  two  endft  of  the 
contact  seen  on  nearer  ridge  is  1,6(K)  feet.    Drawn  from  a  photograph.    Ix>o1clng  east. 

illustrations  of  magmatic  replacement.  These  authors  believe,  further, 
that  a  stock  like  Castle  peak  is  but  a  small  b^tholith ;  that  several  asso- 
ciated stocks  may  be  in  truth  but  protuberant  parts  of  one  suberustal 
plutonic  mass,  which  with  further  unroofing  would  declare  itself  a  tvpical 
batholith.  These  views  are  consistently  upheld  by  every  pertinent  struc- 
tural detail  that  has  yet  been  made  out  in  the  units  of  the  composite  bath- 
olith. Where  bedded  rqcks  still  remain,  they  are  cross-cut  by  the  granitic 
foodies.  Excellent  exposures  show  that  the  contact  surfaces  of  the  Simil- 
kameen  granite  with  the  Chopaka  Mountain  and  Snowy  Mountain  schist 
pendants  dip  underneath  the  invaded  rocks,  proving  with  every  exposure 
seen  the  downward  enlargement  of  the  batholith  (figures  13  and  14).    In 
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one  section  more  than  half  a  mile  in  length  the  granite  can  be  seen  actually 
underlying  a  large  section  of  the  Snowy  Mountain  pendant. 

In  short,  the  fact  of  magraatic  replacement  and  the  related  fact  of 
downward  enlargement  of  the  great  magma  chambers  seem  to  be  well 
established.  So  fundamental  are  these  facts  that  their  evidence  has  been 
presented  somewhat  at  length  and  with  considerable  illustration. 
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FiouRB  14. — Outcrop  of  the  intrusive  Contact  Surface  $hown  in  Figure  13. 
The  vertical  distance  between  the  two  ends  of  the  contact  line  as  drawn  Is  1,100  foet. 
The  granite  Is  on  the  right ;  quartslte  and,  schist  on  the  left.     Drawn  from  a  ph'oto- 
graph.     Looking  west. 

-MBTBODa  OP  MAGMATIO  RBPLAOEMBNT;  THE  ABSIMILATJONDIPFERKSTIA- 

TJON  THEORY 

The  chief  petrologic  problem  consists  in  discovering  the  essential 
processes  engaged  in  the  magmatic  replacement.  In  several  publications 
the  writer  has  treated  of  the  various  solutions  of  the  problem.*  On  ac- 
count of  their  complexity,  the  data  for  the  best  solution,  attributing*  the 
replacement  of  the  invaded  formation  to  magmatic  assimilation,  may  riot 
here  be  stated  in  full.  A  very  brief  outline  must  suffice.  Magihatic 
assimilation  is  regarded  as  of  a  double  sort,  consisting,  first,  of  the  prb- 
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gressive  fusion  of  main  contact  walls  by  original  hot  magma  aided  by  its 
water  and  other  solvents;  secondly,  of  the  progressive  stoping  of  blocks 
(xenoliths)  from  the  roof  and  walk  of  the  batholith  or  stock,  followed  bv 
the  abyssal  solution  of  the  xenoliths  in  the  hot  interior  of  the  magmatic 
body.  Systematic  differentiation  of  this  new,  widely  extended,  sub- 
crustal,  con^iound  magma  accompanies  and  follows  the  assimilation. 
The  principal  cause  of  differentiation  has  been  sought  in  gravitative  ad- 
justment stratifying  the  magmatic  cauche  according  to  the  law  of  up- 
wardly decreasing  density  (meaning,  in  general,  increasing  content  of 
silida  from  below  upward  in  the  magmatic  strata).  A  subordinate  cause 
of  differentiation  commonly  develops  basified  contact  zones  by  the  diffu- 
sion of  basic  materials  to  the  surfaces  of  cooling.  In  the  nature  of  the 
case,  this  latter  kind  of  differentiation  belongs  to  the  late  magmatic  period 
immediately  preceding  crystallization;  and,  as  illustrated  in  the  Castle 
Peak  stock  and  the  Similkameen  batholith,  appears  to  form  a  basified 
zone  along  the  roof  as  well  as  along  the  walls. 

Partly  for  that  reason  it  has  proved  impossible  to  discover  a  law  of  in- 
creasing density  with  depth  in  the  Similkameen  granite.  A  series  of 
fifteen  fresh  specimens  of  the  rock. were  collected  at  altitudes  varying  from 
1,200  to  8,050  feet  above  sea,  and  their  specific  gravities  were  carefully 
determined.  The  difference  between  the  densities  of  specimens  taken  near 
or  at  the  two  extremes  of  vertical  distance  was  found  too  small  to  allow 
of  a  definite  conclusion,  though  the  difference,  small  as  it  is,  favors  the 
law  of  density  stratification.  It  must  be  remembered,  however,  that  the 
concentration  of  volatile  matter,  such  as  water  vapor,  dissolved  in  the 
magma  but  largely  expelled  during  crystallization,  would  possibly  be 
greatest  at  the  roof.  The  specific  gravities  of  the  crystallized  rocks  may 
therefore  not  afford  direct  values  for  the  total  density  stratification  during 
the  fluid  state  of  the  magma.  Then,  too,  the  observed  relative  uniformity 
of  the  Similkameen  granite  is  a  function  of  the  scale  of  the  subcrustal 
magma  couche.  It  was  unquestionably  very  thick;  strong  density  differ- 
ences are  probably  not  on  any  hypothesis  to  be  expected  in  a  vertical  sec- 
tion less  than  several  miles  in  depth. 

The  objection  has  very  often  been  made  to  the  idea  of  extensive  aasim- 
ilation  that  signs  of  actual  digestion  about  blocks  broken  off  from  roof  or 
wall  commonly  fail.  This  is,  however,  just  what  would  be  expected  on 
the  stoping  hypothesis.  The  very  position  of  such  a  block  shows  that  at 
the  time  when  it  was  broken  off  it  was  floated  in  a  magma  too  toughlj 
viscous  to  allow  the  block  either  to  rise  or  sink.  Under  those  oonditions 
the  solvent  or  assimilative  power  of  the  magma  is  at  or  near  >ts  mininiim. 
In  other  words,  contact  decrepitation  persists  some  time  after  contact 
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fusion — ^the  shatter  period  is  longer  than  the  fusion  period.  In  a  valuable 
paper  on  granites  in  New  South  Wales,  Andrews  has  very  clearly  stated 
the  case.    Speaking  of  the  New  England  batboliths,  he  says : 

What  we  see  are  necessarily  end  reactions  in  the  abyssal  laboratories;  for, 
however  powerful  the  youthful  stage  of  the  Invasion  may  have  been,  the  present 
contact  areas  must  represent  the  dpinff  siruggleB  only  of  the  rising  mass,  since 
at  these  spots  the  intruding  massif  had  no  longer  any  energy  left  tx>  replace  the 
invaded  rocks.  Errors  have  often  crept  in,  in  the  author's  opinion,  concerning 
the  idea  of  rock  assimilation  through  the  luck  of  comprehension  of  this  fact 
For  if  weak,  dying  reactions  give  such  results  as  one  can  see  along  the  "blue 
granite"  and  later  acid  massif  contact  at  Bolivia ;  along  the  Gympie  slate  and 
acid  granite  junction  at  Ck>w  Flat ;  as  also  In  the  slates  at  Undercliffe,  of  what 
tremendous  potency  must  such  actiiMi  have  been  possessed  during  its  maximum 
strength,  to  wit,  its  youth  or  maturity.* 

The  reality  of  the  shattering  is  abundantly,  often  dramatically,  evident 
on  most  of  the  batholithic  and  stock  contacts  seen  in  the  Boundary  belt. 

The  leading  question  remains  as  to  the  nature  of  the  original  magma 
whose  energies  have  effected  the  batholithic  invasion.  In  the  papers 
already  cited  the  writer  has  shown  reasons  for  belienng  that  the  initial 
magma  in  a  complete  petrogenic  cycle  is  gabbroid,  and  thus  basic  in  char- 
acter. As  so  often  pointed  out  by  many  authors,  this  magma  is  of  such 
wide  distribution  that  it  seems  to  be  original  in  the  constitution  of  the 
earth.  Its  liquefaction,  as  with  all  plutonic  magma,  is  doubtless  conse- 
quent upon  inountain4)uilding  disturbances.  Given  strong  liquefaction, 
assimilation  and  batholithic  intmsion  automatically  result. 

It  is  clear  that  magma  may  be  similarly  fanned  by  the  abyssal  fusion 
of  sediments  or  schists  through  the  rising  of  isogeotherms.  That  this  of 
itself  is  not  the  explanation  of  most  batholiths  and  stocks  is  disproved  by 
the  identity  of  material  in  contemporaneous  bodies,  though  these  respec- 
tively cut  formations  of  quite  different  chemical  composition.  Simple 
fusion  in  place  is  also  rendered  improbable  by  the  general  sharpness  of 
batholithic  and  stock  contacts  and  by  the  manifestly  exotic  character  of 
such  a  mass  as  the  Castle  Peak  stock. 

The  original  magma  of  the  Okanagan  Composite  batholith  may,  as 
already  noted,  have  been  gabbro,  now  represented  in  the  small  intrusive 
(injected?)  bodies  occurring  in  the  roof  pendants.  The  Osoyoos  and 
Bemmel  granodiorites  resulted  from  the  assimilation  of  Paleozoic  and 
other  old,  relatively  acid  formations  by  the  original  magma.  The  Simil- 
kameen  batholith  must  also  include  material  won  from  the  older  grano- 

*E.  C.  Andrews:  The  geology  of  the  New  England  plateau,  etc..  Records  Geological 
Survey  N.  S.  Wales,  1005,  vol.  8,  p.  19. 
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diorites;  and  the  Cathedral  batholith,  withite  satellites,  id  a  still  later 
product,  assimilating  all  the  earlier  formations,  including  possibly  Cre* 
taceous  arkoses.  Special  differentiation  at  various  times  produced  the 
Kruger  Alkaline  body  and  some  of  the  dikes  cutting  the  hatholiths.  In 
each  irruptive  epoch  the  crjish  of  mountain  building  may  have  facilitated 
the  liquefaction  of  the  deeper  lying  portions  of  the  invaded  formations. 
Whatever  the  source  of  the  heat,  it  was  each  time  present  in  sufficient 
(juantity  to  enable  the  magma  of  that  stage  to  stope  and  dissolve  its  way 
upward,  wtell  into  formations  that  were  not  fused  through  orogenic  crush- 
ing.    To  that  extent  the  magmas  were  superheated. 

The  assimilation-differentiation  theory  thus  explains  the  sequence  of 
the  irruptioAs  forming  the  Composite  batholith.  At  each  intrusive  stage 
the  magma  set  free  to  eat  its  way  upward  was  more  basic  than  the  average 
of  the  rock  invaded.  At  each  stage  a  new  magma,  the  one  actually  in 
contact  with  the  invaded  formations,  was  generated  through  absorption 
and  gravitative  differentiation,  and  the  silica  of  the  new  magma  was 
higher  than  that  of  the  preceding  batholithic  magma.  The  increasing 
acidity  is  a  function  of  the  density,  which  decreases  from  below  upward 
in  the  sul)cnistal  magma  couche.  This  law  of  density  is  preserved  in  the 
specific  gravities  of  the  batholithic  rocks  as  now  crystallized. 

SKELETON  HIBTORY  OF  A  BATHOLiTHJO  MAGMA 

The  development  of  any  one  of  the  batholiths  may  be  suhmiarized  as 
follows : 

i.  A  period  of  high  liquidity,  conditioned  by  orogenic  movement.  This 
period  is  characterized  by — 

a.  Contact  fusion ; 

b.  Stoping  and  abyssal  assimilation  of  xenoliths,  progressive  modifica- 
tion (here  acidification)  of  magma; 

c.  Injection  of  wide  ranging  apophyses ; 

d.  Gravitative  differentiation  of  the  compound  magma  of  assimilation; 
c.  Possibly  the  beginning  of  basic  segregation. 

2.  A  period  of  strong  and  increasing  viscosity — a  period  characterized 
by-     , 

a.  Cessation  of  magmatic  digestion ; 
,  6.  Some  subsequent  continuation  of  contact  shattering; 
.  c.  Completion  of  the  observed  segregation  of  basic  materials  in  nodules 
and  contact  zones ;  development  of  maximum  acidity  in  the  main  Iwdy  of 
the  batholith ; 
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d.  Grystaltization  of  the  masfi  during  a  viscous  condition  approaching 
that  of  a  solid  solution.* 

Oexbral  Summary 

1.  At  the  49th  parallel  of  latitude  the  Okanagan  mountains  and  a  part 
of  the  belt  of  the  Interior  plateaus  (the  Interior  plateau  of  Dawson)  have 
been  carved  by  erosion  out  of  an  assemblage  of  plutonic  igneous  rocks 
which,  in  spite  of  the  diverse  lithological  character  of  the  rocks,  should  be 
regarded  as  an  enormous  single  member  of  the  Cordilleran  structure. 
This  plutonic  group  is  named  the  Okanagan  Composite  batholith.  The 
details  of  its  constitution  are  given  in  a  foregoing  resume  of  its  geological 
history. 

2.  This  composite  batholith  was  of  slow  development,  beginning  with 
small  intrusions  in  late  Paleozoic  (or  possibly  Triassic)  time,  increased 
by  great  batholithic  irruptions  of  granodiorite  during  the  Jurassic,  and 
completed  by  likewise  immense  irruptions  of  alkaline  hornblende-biotite 
granite  and  biotite  granite — batholiths  of  Tertiary  age,  possibly  as  late  as 
the  Upper  Miocene  or  the  Pliocene.  The  satellitic  Tertiary  stock  of 
Castle  peak  in  the  Hozqmeen  range,  is  composed  of  normal  granodiorite. 

3.  The  local  intrusion  of  a  small,  composite  body  of  malignites  and 
nepheline  syenites ;  the  regular  basification  along  the  batholith  and  stock 
contacts,  giving  collars  of  jnonzonites  and  diorites ;  and  the  sporadic  ap- 
pearance of  certain  peridotites  (hornblendites  and  dunites)  are  probably 
all  incidents  of  magmatic  differentiation  and  do  not  directly  represent 
the  compositions  of  general  sU(bci:ustal  magmas. 

4.  The  composite  batholith  and  the  Castle  Peak  stock  offer  striking 
testimony  to  the  probable  truth  of  the  assimilation-differentiation  theory 
of  granitic  rocks.  A  very  brief  summary  of  this  theory  is  given  above  in 
the  form  of  a  skeleton  key  to  the  history  of  a  batholithic  magma. 

5.  The  composite  batholith  includes  two  consanguineous  series  of  in- 
trusions. The  older  one  is  non-alkaline;  the  younger,  alkaline.  They 
are  separated  in  time  by  the  whole  Cretaceous  period,  at  least. 

6.  The  two  consanguineous  series  nevertheless  appear  to  belong  to  one 
petrogenic  cycle.  Throughout  the  cycle  batholithic  intrusion  has  fol- 
lowed the  usual  law  of  decrease  in  magmatic  density  and  increase  of  mag- 
matic acidity  with  the  progress  of  time. 

7.  Exposures  of  contact  surfaces  in  the  Castle  Peak  stock  and  in  the 
Similkameen  batholith  illustrate  with  remarkable  clearness  the  downward 
enlargement  of  such  bodies  with  depth. 

•Cf.  Brauns,  Cbemlsche  Mlneralogle.     Leipzig,  189G,  p.  97. 
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8.  The  Similkamem  granite  bears  three  roof  pendantB.  Their  distri- 
bution suggests  that  the  present  erosion  surface  of  this  batholith  west  of 
the  Similkameen  river  is  not  far  from  coinciding  with  the  constructional, 
subterranean  surface  of  the  batholith. 

9.  The  Osoyoos  and  Reramel  granodiorites  have  been  extensively  meta- 
morphosed by  orogenic  crushing  and  its  attendant  processes.  The  meta- 
morphism  was  both  dynamic  and  hydrothermal.  The  granodiorites  have 
been  locally^  though  on  a  large  scale,  transformed  into  banded  gneisses 
and  schists.  These  changes  have  been  brought  about  through  the  hydrous 
solution  and  migration  of  the  original  mineral  substance  of  the  grano- 
diorites,  especially  the  more  basic  minerals.  The  dissolved  material  has 
been  leached  out  from  the  granulated  rock  and  has  recrystallized  in  strong 
shear  zones  to  which  the  solutions  have  slowly  traveled.  The  shearing 
and  metamorphism  probably  began  at  a  time  when  the  Bemmel  batholith 
was  buried  beneath  at  least  30,000  feet  of  Cretaceous  strata. 

10.  The  intensity  of  this  metamorphism  and  the  development  of  the 
great  Tertiary  batholiths  agree  with  other  facts  to  show  that  post-Jurassic 
mountain  building  at  the  49th  parallel  was  caused  by  much  more  powerful 
compression  than  that  which  is  shown  in  the  broader  Cordilleran  zone 
passing  through  California;  there  the  Jurassic  batholiths  are  relatively 
uncrushed  and  Tertiary  batholiths  seem  to  be  lacking. 

11.  The  problems  of  the  Okanagan  Composite  batholith  illustrate  once 
again,  and  on  a  large  scale,  the  utmost  dependence  of  a  sound  petrology 
upon  structural  geology.  A  suggested  chief  problem  involves  the  relation 
of  mountain-building  to  the  repeated  development  of  large  bodies  of 
superheated  magma  only  a  few  miles  beneath  the  surface  of  the  mountain 
range.  The  fact  of  this  association  is  apparent;  its  explanation  is  not 
here  attempted. 
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Introduction 
the  journey 


During  the  summer  of  1905  I  had  the  good  fortune,  as  one  of  the 
foreign  guests,  to  accompany  the  party  of  the  British  Association  for  the 
Advancement  of  Science  on  a  visit  to  the  colonies  of  South  Africa.  The 
chief  dates  of  the  journey  were  as  follows:  Having  left  New  York  on 
July  15, 1  sailed  from  Southampton  on  the  steamer  Saxon  with  the  third 
detachment  of  the  Association  party  on  July  29,  and  reached  Cape  Town 
on  August  15.  Meetings  were  held  there  for  three  ^ays.  On  August  19 
I  set  out  by  rail  (see  figure  1)  with  a  party  of  geologists  for  the  interior, 
spent  four  days  in  the  Karroo,  and  then  hurried  across  country  via 
Johannesburg  to  join  another  geological  party  in  the  Vryheit  district  of 
Natal.  Eeturning  to  Johannesburg,  meetings  were  resumed  from  Au- 
gust 29  to  31,  and  then  a  third  geological  excursion  was  made  to  the 
Duivels  Kantoor,  on  the  escarpment  of  the  highland,  east-northeast  of 
Pretoria,  September  2  to  4.  We  again  came  back  to  Johannesburg, 
whence  a  long  southward  detour  by  rail  took  us  to  Kimberley,  where  the 
main  party  was  overtaken.  After  a  day  there,  September  6,  we  started 
northward  in  special  trains  for  Bulawayo,  where  we  spent  September 
9  and  10,  including  an  excursion  to  the  granite  hills,  or  Matopos,  on  the 
second  day;  and  on  September  11  set  out  for  the  Victoria  falls  of  the 


tHE  JOURNEY  379 

Zambesi,  our  farthest  inland  point,  arriving  there  the  next  morning  and 
starting  back  the  following  day,  September  13.  We  reached  Bulawayo 
again  on  September  14.  Here  the  party  divided,  some  going  southward 
to  Cape  Town  and  thence  to  England  by  direct  steamer,  while  others, 
including  the  writer,  went  eastward  for  a  longer  journey.  We  reached 
Salisbury,  the  capital  of  Bhodesia,  on  September  15 ;  TJmtali,  on  Septem- 
ber 16,  and  Beira,  in  Portuguese  East  Africa,  on  September  17.  There 
the  homeward  journey  was  begun  in  the  steamer  Durham  Castle,  which 
had  been  especially  chartered  to  return  by  the  east  coast  of  Africa,  the 
Suez  canal,  and  the  Mediterranean.     Marseilles  was  reached  on  October 
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Figure  1. — Outline  Map  of  Area  occupied  hp  the  JHopka  gltuHal  Formatian. 

The  margin  of  the  formation  is  cross-lined.  The  localities  indicated  by  initial  letters 
are  as  follows :  C,  Charlestown,  Natal ;  L,  Laingsburg,  Cape  Colony ;  M,  Matjesfontein, 
Cape  Colony ;  N,  Ngotsche,  Natal ;  R,  Riverton,  Cape  Colony ;  RT,  Volksrust,  Transvaal ; 
VG,  Vereenlging,  Transvaal ;  VY,  Vryheit,  Natal ;  ft,  Balmoral.  Transvaal ;  p,  Prleska, 
Cape  Colony ;  u  and  t,  on  the  Umfolosl  and  Tugela  rivers.  Natal. 

17,  and  at  Liverpool,  October  24,  began  the  homeward  Atlantic  voyage, 
from  which  I  landed  in  Boston  Xoveniber  2,  after  an  absence  of  110 
days,  of  which  58  had  been  spent  at  sea  and  33  in  South  Africa.  An 
extraordinary  feature  of  the  journey,  highly  indicative  of  its  careful 
planning  and  excellent  management,  was  that  all  the  arrivals  and  de- 
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partures  in  South  Africa  were  effected  on  the  days,  practically  on  the 
hours^  that  had  been  planned  and  published  before  the  oversea  party 
had  left  England. 

PHYSIOGRAPHIC  DIVISIONS  OF  SOUTH  AFRICA 

The  greater  part  of  the  region  that  we  travereed  is  included  in  the 
extensive  highland  or  high-standing  peneplain,  with  an  altitude  of  from 
4,000  to  6,000  feet,  which  forms  the  body  of  the  South  African  interior. 
Over  the  greater  part  of  this  region,  1,000,000  or  more  square  miles  in 
extent,  there  has  been  no  strong  deformation  for  many  geological  ages, 
although  Passarge  (page  596)  states  that  there  are  some  Mesozoic  graben 
in  the  Kalahari  region.  The  southern  part  of  the  highland  region  has 
been  still  quieter,  for  if  the  slow  and  gentle  depression  by  which  the 
Karroo  basin  of  heavy  Mesozoic  deposition  was  formed  be  neglected,  as 
it  may  well  be  because  of  its  equable  nature,  there  has  been  no  consider- 
able deformation  since  pre-Devonian  times.  Much  of  this  district  is 
commonly  spoken  of  as  the  ''Veld'*  (pronounced  felt) ;  its  higher  parts 
are  the  High  Veld.  It  is  characteristically  treeless  over  large  areas,  but 
in  the  north,  where  tree-growth  occurs,  it  is  called  the  Bush  Veld.  Ita 
wet  season  is  the  summer  of  the  southern  hemisphere,  when  a  rainfall  of 
about  30  inches  is  recorded,  much  of  it  falling  in  heavy,  short-lived 
showers,  and  causing  sheetfloods  on  the  unchanneled  slopes  and  rapid 
changes  of  volume  in  the  rivers.  As  the  time  of  our  visit  fell  near  the 
end  of  the  winter  season,  the  Veld  was  dry  and  brown  when  we  crossed  it. 

A  number  of  subparallel  mountain  ridges,  trending  east  and  weat, 
occupy  a  belt  of  country  some  60  or  80  miles  in  width  across  the  southerm 
end  of  the  continent.  These  are  built  chiefly  of  Paleozoic  formations 
that  were  crushed  into  folds  in  Mesozoic  time  and  afterward  greatly 
eroded.  In  the  absence  of  other  general  name,  they  will  be  here  called 
the  Cape  Colony  ranges.  Associated  with  the  east  and  west  ridges  are 
others  of  smaller  dimensions,  trending  north  and  south,  one  group  in 
the  southwest  comer  of  the  continent  and  another  of  less  pronounced 
relief  along  the  eastern  coast  in  Natal.  The  southern  part  of  tliis  moun- 
tainous belt,  near  the  coast,  lies  in  the  subtropical  belt  of  the  southern 
hemisphere,  and  receives  its  rainfall  chiefly  in  the  southern  winter  season, 
when  the  cyclonic  areas  of  the  prevailing  westerly  winds  have  a  more 
northerly  path  than  in  the  other  half  of  the  year;  but  they  seldom  reach 
the  inner  part  of  the  mountainous  belt,  known  as  the  Karroo,  which  is 
therefore  dry  all  the  year  round.  The  highest  of  the  east  and  west 
ridges,  which  reach  altitiides  of  some  6,000  feet,  aid  in  determining  a  dry 
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climate  for  the  next  inland  lowlands  of  erosion.  The  broadest  of  these 
is  known  as  the  Oreat  Karroo,  and  lies  between  the  northernmost  moun- 
tain ridge  and  the  south-facing  escarpment  of  the  interior  highland,  while 
a  similarly  arid  belt  between  two  of  the  chief  mountain  ridges  is  called  the 
Little  Karroo.  In  distinction  to  these  lower  areas,  the  highland  of  the 
Veld,  next  north,  is  sometii?ies  called  the  Upper  Karroo. 

The  descent  of  the  interior  highland  on  the  east  to  the  coast  of  the 
Indian  ocean  is  relatively  rapid.  Here  the  rainfall  from  the  impinging 
trade  winds  is  more  plentiful  and  vegetation  is  more  luxuriant.  The 
streams  of  this  slope  have  a  pronounced  gradient  and  are  actively  en- 
croaching on  the  headwaters  of  the  Orange  Eiver  system  by  which  the 
highland  is  drained  to  the  Atlantic.  The  western  side  of  the  highland  is 
more  arid  and  includes  the  desert  of  Kalahari,  of  which  we  saw  only  the 
eastern  margin  on  our  northward  journey. 

PROBLEMS  HERE  CONSIDERED 

The  opportunity  for  geological  and  geographical  study  during  a  land 
journey  of  only  33  days,  during  which  a  distance  of  about  2,500  miles 
was  traversed  by  rail,  was  distinctly  limited.  Xevertheless,  by  taking 
advantage  of  as  many  geological  excursions  as  possible  and  by  devoting 
close  attention  to  the  study  of  the  landscape  during  the  train  journeys, 
much  profit  was  derived,  no  small  share  of  which  came  from  the  very 
advantageous  conferences  with  South  African  and  European  members  of 
the  party.  The  chief  subjects  here  presented  are:  The  Cape  Colony 
ranges,  considered  with  special  regard  to  their  resemblance  to  the  Alle- 
gheny mountains  of  Pennsylvania  and  Virginia;  the  Dwyka  (Permian) 
glacial  formation,  or  tillite,  to  which  more  attention  was  given  on  the 
ground  than  to  any  other  problem;  and  the  peneplain  of  the  Veld  or 
interior  highland  and  the  conditions  of  its  origin.  Briefer  discussion 
is  made  of  the  origin  of  the  zigzag  gorge  below  the  Victoria  falls  of  the 
Zambesi,  in  which  the  explanation  offered  by  Molyneux  is  accepted,  and 
of  several  general  problems,  such  as  the  continental  origin  of  the  Karroo 
and  other  formations;  the  homolog>'  of  the  Karroo  Mesozoic  basin  with 
the  Tarim  basin  of  central  Asia,  the  probability  of  the  former  greater 
extension  of  Africa  to  the  east,  south,  and  west,  and  the  dissimilarity  of 
South  Africa  and  southern  South  America. 
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The  Cape  Colony  Ranges 
location  ayo  btructvrb 

The  southern  border  of  Africa,  for  a  width  of  from  GO  to  80  miles,  is 
a  moimtainous  tract  of  subparallel  ranges  extending  east  and  west  with 
much  regularity.  Singularly  enough  there  appears  to  be  no  general 
designation  in  common  use  for  this  system  of  mountains  as  a  whole,  and 
I  shall  here  refer  to  them  under  the  convenient  name  given  above.  They 
are  intimately  associated,  as  has  already  been  pointed  out,  with  ranges  of 
less  extent  running  north  and  south  in  the  southwestern  comer  of  the 
continent,  and  they  appear  to  be  genetically  associated,  although  not 
visibly  connected  with  other  north  and  south  ridges  of  less  pronounced 
deformation  and  relief  along  the  east  coast  in  Natal.  The  angle  where 
the  southern  ranges  and  those  of  Natal  would  meet  (see  figure  1)  lies  in 
the  Indian  ocean,  whose  shoreline  passes  obliquely  northeast  across  the 
series  of  east-west  ranges,  the  Mesozoic  basin  of  horizontal  strata,  and  the 
series  of  north-south  ranges  in  the  most  unconformable  fashion,  highly 
suggestive  of  the  truncation  of  the  continent  by  deformation^  which  have 
brought  the  ocean  against  a  new  coastline,  as  will  be  more  fully  consid- 
ered in  a  later  section. 

The  strata  involved  in  the  Cape  Colony  ranges  are  mostly  of  Palw/oic 
age,  and  were  originally  spread  out  in  great  sheets  of  considerable  uni- 
formity horizontally,  but  of  marked  diversity  vertically.  They  constitute 
the  Cape  system  and  the  Karroo  system.  The  first  system  includes  the 
licavy  Table  Mountain  sandstones,  4,000  or  5,000  feet  thick;  the  Bokke- 
veld  (goat  pasture)  shales  and  sandstones,  containing  marine  Devonian 
fossils,  about  2,500  feet  thick,  and  the  Witteberg  series,  chiefly  sand- 
stones and  quartzites,  2,500  feet  thick,  or  10,000  feet  in  all.  The  Karroo 
system  begins  with  the  extraordinary  Dwyka  glacial  formation,  1,000 
feet  in  thickness,  after  which  come  the  Ecca,  Beaufort,  and  StormlK^r:; 
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series  of  shales  and  sandstones,  all  of  continental  origin  and  including 
many  dikes  and  sheets  of  dolerite.  The  Ecca  and  Stormberg  series  con- 
tain coal ;  the  Beaufort  series  is  famous  for  its  reptiles. 

The  floor  on  which  the  Cape  system  rests  consists  of  the  Malmesbury 
slates,  regarded  as  Archean,  with  intrusive  granites,  well  exposed  along 
the  shore  at  Sea  Point,  a  western  suburb  of  Cape  Town,  where  several 
of  the  geologists  of  our  party  saw  them  in  an  interesting  excursion  under 
the  guidance  of  Mr  Dutoit,  of  the  Cape  Colony  Geological  Survey. 
These  older  rocks  were  reduced  to  an  essentially  plane  surface,  in  the 
Cape  Town  district  at  least,  before  the  deposition  of  the  Cape  system,  as 
is  proved  by  the  even  surface  of  contact  l>etween  the  two  around  the 
northern  escarpment  of  Table  mountain.  A  peculiar  feature  of  the  Cape 
system  is  the  absence  of  marine  fossils,  except  in  its  middle  member;  it 
has  therefore  been  suggested  that  the  Table  Mountain  and  the  Witteberg 
sandstones  are  of  continental  origin,  and  that  they  resemble  in  this  re- 
spect the  formations  of  the  overlying  Karroo  system,  for  which  a  fuller 
statement  will  be  made  in  a  later  section. 

The  following  table  summarizes  the  succession  of  the  formations  in- 
volved. It  should  be  noted  that  the  strata  of  the  Karroo  system  occupy 
a  large  part  of  the  interior  highland,  or  Veld,  and  therefore  far  outrun 
the  area  of  the  Karroo  district  from  which  their  name  was  taken : 


Karroo  system,  20,000  feet. 


'  Stormberg  ^ 

Beaufort  C  Sandstones  and  shales. 

Ecca  j 

Dwyka  tilllte  and  shales. 


VVftteberg  sandstones  and  shales. 
Cape  system,  10,000  feet.       )  Bokkeveld  sandstones  and  shales. 


i  Table  Mountain  sandstones. 


ANALOGY  OF  THE  CAPE  COLOyY  RASGES  WITH  THE  ALLEGHENIBB 

The  east  and  west  rang(»8,  of  which  the  Zwartbergen  and  the  Lange- 
bergen  are  the  most  conspicuous  members,  are  of  especial  interest  to 
American  geologists  because  of  their  resemblance  in  several  respects  to 
the  Allegheny  mountains  of  Pennsylvania  and  Virginia,  the  middle  sec- 
tion of  the  Appalachians.  The  heavy  strata  involved  are  in  both  cases 
chiefly  of  pre-Permian  age.  Forces  of  compression  have  in  both  the 
Alleghenies  and  the  Cape  Colony  ranges  crowded  a  great  part  of  the  area 
of  the  strata  concerned  into  long  subparallel  folds,  with  overturns  and 
overthrusts  directed  inland,  but  have  left  the  farther  interior  area  prac- 
tically undisturbed,  this  area  constituting  the  Allegheny  plateau  in  one 
ease  and  the  highland  of  the  Veld  in  the  other.     Hence  it  may  be  in- 
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ferred  that  the  tangential  thnifit  by  which  the  compression  and  over- 
turning were  produced  was  in  both  eases  directed  from  the  r^ion  that  is 
now  ocean  toward  the  region  that  is  now  land — from  southeast  to  north- 
west in  the  eastern  United  States,  from  south  to  north  in  South  Africa. 
This  analogy  suggests  another,  namely,  that  as  the  chief  source  of  the 
sediments  was  on  the  ocean  side  of  the  present  ranges  in  the  Appa- 
lachians, where  Paleozoic  land  is  recognizable  in  the  older  crystalline  belt, 
a  similar  relation  may  have  obtained  in  South  Africa ;  but  this  specula- 
tion is  to  a  certain  extent  contradicted  by  the  fact  that  the  texture  of 
Home  of  the  members  of  the  folded  series  there  increases  in  coarseness 
toward  the  west  and  northwest,  as  if  the  sediments  had  been  derived 
from  the  ancient  rocks  north  of  the  lower  Orange  river,  300  or  400  miles 
away  from  the  ranges  in  question.  However,  there  are  in  general  5o 
many  examples  of  mountain-making  deformation  having  invaded  areas 
of  heavy  deposition — ^piedmont  to  the  source  of  the  deposited  sediments — 
that  it  is  tempting  to  inquire  whether  such  may  not  have  been  the  case 
with  the  South  African  ranges  also;  and  in  spite  of  the  absence  of  any 
visible  area  of  older  rocks  along  the  south  coast  from  which  the  heavy 
Paleozoic  sediments  might  have  been  derived,  it  remains  possible  that 
such  a  source  may  have  lain  somewhat  farther  south,  and  that  it  has 
since  then  disappeared  by  submergence.  The  suggested  source  of  the 
strata  of  the  Cape  system  north  of  the  Orange  river  might  in  that  case 
1)6  compared  to  the  partial  source  of  the  Appalachian  sediments  in  the 
oldlands  of  northern  Wisconsin,  which  is  not  at  all  inconsistent  with  their 
main  source  having  been  in  the  old  Appalachian  belt. 

A  vast  amount  of  erosion  has  occurred  in  these  mountain  systems  sinco 
they  were  folded,  so  that  the  existing  longitudinal  valleys  and  lowland 
belts  are  entirely  due  to  erosion,  and  the  linear  ranges  and  ridges  of  today 
are  merely  the  residual  reliefs  of  the  more  resistant  formations,  without 
essential  relation  to  belts  of  uplift.  Thus  the  Little  and  the  Great 
Karroo  are  nothing  more  than  narrower  and  wider  lowland  belts  that  have 
Iwen  eroded  along  the  strike  of  the  less  resistant  formations  between  and 
north  of  the  east  and  west  ranges.  They  wrrespond  closely  in  origin, 
though  not  at  all  in  climste,  to  the  similar  lowland  belts  or  valleys  in  the 
Appalachians.  As  a  result  of  this  heavy  erosion,  the  formations  of  the 
Karroo  system  have  been  almost  completely  removed  from  the  district 
of  the  Cape  Colony  ranges,  but  several  significant  patches  of  Dwyka  and 
Ecca  beds  remain  in  synclines,  and  from  this  their  former  general  south- 
ward extension  must  l>e  inferred. 

As  to  the  occurrence  of  two  or  more  evcles  of  erosion  during  the  wear- 
ing down  of  the  South  African  ranges,  I  did  not  see  any  striking  exam- 


ANALOGY  OF  CAPE  COLONY  RANGES  WITH  ALLEGHENIES        385 

pies  of  formerly  baseleveled  monoclinal  ridge  crests  in  South  Africa  com- 
parable to  the  even  crested  monoclinal  ridges  of  Pennsylvania;  but  the 
relation  of  the  southern  ranges  to  the  peneplain  of  the  interior  highland 
made  it  seem  very  probable  that  in  South  Africa,  as  in  Pennsylvania 
and  Virginia,  the  erosion  of  the  mountains  has  not  been  a  continuous 
process  with  respect  to  a  single  baselevel,  and  that  the  Cape  Colony 
ranges  may  well  have  l)een,  like  the  Appalachians,  once  at  least  reduced  to 
a  much  smaller  relief  than  that  of  today,  only  to  be  brought  into  strength 
again  as  a  result  of  revived  dissection  and  etching  out  of  the  weaker 
beds,  following  renewed  elevation.  The  drainage  in  both  systems  in- 
cludes numerous  subsequent  rivers  and  valleys*  which  exhibit  marked 
examples  of  adjustment  of  streams  to  structures  rather  than  persistence 
in  originally  consequent  courses.  Whether  the  amount  of  adjustment  is 
no  greater  than  could  have  taken  place  in  the  continuous  processes  of  a 
single  cycle  of  erosion,  or  whether  it  is  so  great  as  to  demand  for  the 
Cape  Colony  ranges  the  aid  of  a  second  cycle  in  which  to  supplement  the 
work  of  a  first  cycle,  as  seems  so  clearly  to  have  been  the  case  in  the  AUe- 
ghanies,  I  can  not  venture  to  assert  from  the  facts  in  hand ;  but  the  data 
presented  by  Schwarz  (a)  regarding  the  high-standing,  gravel-covered 
planation  surfaces  or  terraces  among  the  ranges  and  the  strong  evidence 
of  peneplanation  in  the  Veld  make  more  than  one  cycle  of  erosion  of  the 
mountain  belt  extremely  probable. 

DUAISAQK  PROBLEMS 

The  numerous  narrow  and  deep-cut  water  gaps  in  the  ridges,  through 
which  the  open  longitudinal  valleys  are  drained,  afford  remarkably  fine 
instances  of  the  manner  in  which  a  belt  of  resistant  rocks  may  long 
maintain  the  narrow  form  of  a  young  valley,  while  the  belts  of  weaker 
rocks,  upstream  and  downstream  from  the  gaps,  permit  their  valleys  to 
be  carried  forward  to  the  stage  of  maturity  or  even  to  that  of  old  age. 
The  suggestion  that  the  gaps  are  due  to  convulsions  of  nature,  with  the 
tacit  postulate  that  the  ridge  in  which  the  gap  is  opened  and  the  open 

*The  term  "siibtiequent"  is  brre  uxed  conHiieitently  with  tbe  detiDitlon  given  to  it  in 
18S0 — ^see  "The  rirers  and  valleys  of  I'ennsylvania/'  National  Geographic  Magaxine. 
vol.  1,  1889,  p.  207 — to  designate  rivers  and  valleys  that  have  lieen  developed  by  head- 
ward  erosion  along  a  belt  of  weak  strata,  and  not  to  include  all  valleys  of  erosion,  in 
contradistinction  to  original  or  tectonic  valleys,  as  later  suggested  by  J.  Geikie  in  his 
book  "Earth  Sculpture,"  1808,  pp.  277-270.  While  the  rule  of  priority  is  not  recognised 
nm  binding  In  physiography,  it  seems  i-egi*ettable  that  a  term  like  subsequent,  the  use  of 
which  in  a  certain  limited  sense  has  been  clearly  set  forth,  should  afterward  be  used  in 
A  much  more  general  sense,  luirticularly  when  no  indication  of  the  chauf?e  of  meaning 
is  given  to  the  reader. 
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low  coimtry  on  either  side  of  it  are  of  earlier  origin  than  the  gap,  seems 
to  be  indigenous  in  South  Africa  as  it  is  in  Pennsylvania,  thus  adding 
still  another  feature  of  similarity — a  geographical  habit  of  mind — be- 
tween the  two  regions.  The  more  rational  explanation  of  all  such  gape 
as  of  the  same  age  as  tlie  open  low  countr\%  when  measured  in  years, 
though  of  very  different  stage  of  development  when  measured  by  the 
physiographic  scale,  is  slow  to  find  popular  acceptance. 

The  general  drainage  system  to  which  the  rivers  of  the  deep-cut  water 
gaps  belong  is  peculiar  in  that  its  members  head  on  the  inland  side  of  the 
Cape  Colony  ranges  and  maintain  generally  transverse  courses  southward 
to  the  ocean.  The  river  heads  are  in  most  instances  on  the  Veld  itself, 
60  or  80  miles  north  of  its  south-facing  escarpment,  and  flow  from  the 
highland  in  valleys  by  which  the  escarpment  is  much  dissected.  All  this 
is  noteworthy  because  it  involves  the  drainage  of  a  relatively  undisturbed 
area — the  southern  part  of  the  Veld — by  rivers  that  cross  a  broad  belt  of 
strongly  disturbed  and  upfolded  strata  in  tlie  Cape  Colony  ranges.  It  is 
all  the  more  noteworthy  because  it  constitutes  still  another  feature  of 
systematic  resemblance  with  the  Appalachians  of  Pennsylvania  and  Vir- 
ginia, where  the  Delaware,  Susquehanna,  and  Potomac  exhibit  essen- 
tially the  same  peculiar  relations  to  the  areas  of  horizontal  and  folded 
rocks. 

An  origin  for  the  South  African  drainage  system  has  lately  been  sug- 
gested by  Schwarz  (b).  This  writer  points  out  the  remarkable  direct- 
ness of  the  watershed  between  the  Orange  River  system  and  the  Indian 
Ocean  drainage,  from  Cape  Town  to  Deiagoa  bay,  and  then  adds : 

I  can  not  conceive  of  any  explanation  for  such  an  arrangement  except  tliat 
wbich  assumes  that  there  was  a  vast  plain  stretching  over  the  whole  land  when 
the  subcontinent  first  rose  from  the  water*s  edge,  and  that  the  central  ridge 
[the  watershed]  was  already  then  formed.  If  we  examine  the  central  parting 
of  the  waters,  we  find  that  there  Is  no  structural  cause  for  its  existence ;  there 
is  no  backbone  of  igneous  rock,  nor  is  there  a  chain  of  folded  mountains  to 
account  for  it ;  neltiier,  again,  is  there  a  wide  anticlinal  arch,  for  the  bedR  dip 
in  toward  it  I  have  adduced  reasons  elsewhere  for  supposing  that  the  water- 
shed owes  its  origin  to  the  manner  in  which  the  Karroo  sediments  wece  laid 
down;  they  were  accumulated  on  [in  ?]  the  thickest  deposits  about  150  miles 
from  the  old  Permian  shoreline,  which  ran  northeastward  to  the  north  of  the 
watershed.  When  elevation  began,  the  curvature  of  the  basin  in  which  they 
were  lying  was  reduced,  and  conseiiuently  the  thickest  deposits  formed  an  ele- 
vation, which  at  once  became  a  water-parting. 

This  original  plain  was  about  on  u  level  with  the  main  watershed  as  it  exists 
today,  for  I  have  seen  evidence  elsewhere  of  the  extremely  little  erosion  that 
takes  place  on  a  liat  water-parting,  and  roughly  we  can  say  it  is  so  now  at  an 
elevation  of  6,000  feet  alwve  sealevel. 
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It  is  perhaps  somewhat  inappropriate  for  one  who  has  only  made  a 
flying  trip  across  a  large  region  not  to  accept  the  conclnsiens  of  another 
who  has  gained  a  close  acquaintance  with  it  by  long  residence  and  numer- 
ous journeys;  nevertheless  1  am  constrained  to  differ  in  many  ways  from 
the  theoretical  statements  made  in  the  above  citation.  >  In  the  first  place, 
the  directness  of  the  "main  watershed/'  which  is  shown  as  a  straight  line 
on  the  map  in  Professor  Schwarz's  paper,  appears  to  me  simply  as  one 
of  those  many  examples  of  accidental  coincidence  of  which  the  world  ^s 
full,  and  hence  of  the  same  order  as  that  class  of  coincidences  noted  when 
the  rectilinear  prolongation  of  a  fault  line,  determined  by  geological  evi- 
dence in  one  district,  leads  to  a  river  course,  mapped  in  an  adjacent  dis- 
trict without  any  evidence  of  its  being  related  to  faulting.  Such  a  coin- 
cidence may  be  determined  by  a  causal  relation,  and  it  may  not.  The 
directness  of  the  main  South  African  watershed  on  which  Schwarz  lays 
much  emphasis  is,  however,  more  imaginary  than  real,  for  it  is  drawii 
as  a  direct  line  only  by  making  the  unwarranted  assumption  that  the 
present  head  of  the  Orange  river  in  the  Stormbergen  and  Drakensbergen 
of  Basutoland,  which  is  about  150  miles  southeast  of  the  direct  line,  is  a 
later  extension  of  the  original  head  beyond  the  assumed  main  or  direct 
watershed.  It  might  be  suggested  with  greater  probability  of  correctness, 
it  seems  to  me,  that  the  original  head  of  Orange  river  lay  even  farther 
southeast  of  the  so-called  "main  watershed'^  than  the  present  head  does, 
and  thus  departed  even  more  from  the  direct  line  then  than  it  does  now; 
the  evidence  for  this  view  being  found  in  the  peculiar  truncation  of  the 
geological  structures  along  the  Cape  Colony-Natal  coastline,  already 
alluded  to,  and  illustrated  in  figure  1.  Furthermore,  the  main  water- 
shod  as  drawn  by  Schwarz  follows  divides  that  must  be  of  very  different 
origins  and  9f  very  different  dates  of  development ;  it  is  therefore  a  line 
that  brings  together  incongruous  elements  and  treats  them  as  if  they 
were  congruous.  This  may  be  seen  by  a  review  of  its  several  parts.  At 
its  beginning  near  Cape  Town  it  runs  between  the  opposing  and  com- 
|)cting  headwaters  of  rivers  that  drain  longitudinal  valleys  between  the 
folded  mountains,  and  whose  present  separation  can  not  reasonably  be 
taken  as  still  closely  accordant  with  the  initial  divide  when  the  subcon- 
tinent first  rose  from  the  sea.  The  present  divide  is  the  result  of  long 
competition  by  rival  streams,  as  later  pages  (274  et  seq.)  of  Schwarz^a 
paper  clearly  show.  At  the  other  end  of  the  line,  near  Delagoa  bay,  the 
divide  is  drawn  obliquely  between  two  east-flowing  streams  by  which  the 
escarpment  of  the  interior  plateau  is  drained  to  the  Indian  ocean;  and 
these  streams  must  be  of  much  later  origin  than  the  first  elevation  of  the 
continent,  for  they  are  evidently  related  to  that  modern  displacement 
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whereby  the  southern^  southeastern,  and  eastern  coastline  was  determined^ 
as  will  be  more  fully  set  forth  further  on. 

But  the  most  serious  objection  that  I  feel  against  Schwarz's  explana- 
tion of  the  great  antiquity  and  long  persistence  of  the  straight  ^'main 
watershed^'  is  that  such  an  explanation  entirely  overlooks  the  changes 
that  must  reasonably  be  expected  to  have  taken  place  by  the  interaction 
of  the  rivers  themselves  during  the  long  periods  of  erosion  to  which  the 
region  has  been  subjected  since  middle  Mesozoic  time.  The  great  diver- 
sity of  structure  and  the  well  proved  changes  of  level  in  the  region  dur- 
ing its  continental  existence,  probably  involving  two  important  cycles  of 
erosion  at  least,  must  have  contributed  effectively  to  the  changes  of  drain- 
age area  that  the  competing  rivers  would  have  themselves  brought  about. 
Such  changes  are  today  in  active  progress  at  the  head  of  the  Vaal  river 
and  its  branches,  where  the  shorter  and  steeper  east-flowing  streams  are 
gaining  area  at  the  expense  of  the  longer  west-flowing  rivers,  as  will  be 
more  fully  set  forth  in  the  section  concerning  the  eastern  escarpment.  To 
take  no  account  of  all  these  possible  changes,  and  therefore  to  regard  the 
existing  watershed  as  having  persisted  through  geological  ages,  involves 
probable  errors  of  the  same  order  as  those  which  were  introduced  in  the 
interpretation  of  our  Cordilleran  physiography  thirty  years  ago  by  the 
wholesale  suggestion  of  an  antecedent  origin  for  many  rivers,  small  as 
well  as  large,  in  Utah  and  Arizona. 

The  extensive  rearrangement  of  initial  drainage  lines  in  a  long 
eroded  region,  partly  through  the  development  of  subsequent  rivers 
by  headward  erosion  along  belts  of  weak  strata,  partly  through  the  en- 
couragement of  headward  erosion  given  to  rivers  of  all  classes  by  favor- 
ing crustal  deformation,  is  now  too  well  established  a  procedure  in  the 
general  natural  history  of  rivers  to  be  set  aside,  unless  by  the  strongest 
positive  evidence  in  particular  cases.  In  the  absence  of  such  evidence,  it 
may  be  safely  concluded  that  the  existing  transverse  drainage  of  the  Cape 
Colony  ranges,  like  the  comparable  transverse  drainage  of  the  Appa- 
lachians, has  come  into  existence  at  a  date  much  more  modem  than  that 
of  the  original  elevation  of  the  region  above  sealevel.  Just  how  the  trans- 
verse drainage  came  to  be  established  it  is  difficult  to  determine  with  any 
certainty  on  existing  information,  but  there  is  some  reason  for  thinking 
that,  in  South  Africa  as  in  Pennsylvania  and  Virginia,  it  was  not  devel- 
oped until  during  and  after  the  general  peneplanation  of  the  Veld  and 
the  upfolded  ranges,  and  that  whatever  drainage  lines — already  much 
changed  from  the  initial  lines — ^had  come  to  exist  on  the  peneplaned  sur- 
face, the  weak  old  streams  of  that  time  were  profoimdly  affected  by  the 
broad  warping  and  the  general  changes  of  level  which  resulted  in  the 
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eatabliflhment  of  the  preBent  relations  of  the  interior  highland  to  the 
continental  coastline,  and  that  still  further  changes  were  spontaneously 
introduced  by  the  rivers  themselves  during  the  present  cycle  of  erosion 
then  initiated.  This  subject  is  pursued  somewhat  further  in  an  article  in 
a  recent  Bulletin  of  the  American  Geographical  Society. 

THE  KLBIN  ZWARTBBRQ  AND  THE  W1TTEBBRQ8 

We  had  opportunity  of  seeing  several  of  the  Cape  Colony  ranges  close 
at  hand  during  the  excursion  in  the  Karroo  with  Mr  Bogers^  and  it  was 
of  special  interest  to  note  that  the  east  and  west  mountains  were  usually 
of  anticlinal  structure.  The  most  striking  example  of  this  kind  that 
came  within  our  observation  was  the  Klein  Zwartberg,  the  western  end  of 
a  long  range  of  Table  Mountain  sandstones  whose  central  and  eastern 
part  is  known  simply  as  the  Zwartberg,  6,000  or  7,000  feet  in  height. 
This  mountain  was,  to  be  sure,  seen  only  at  a  distance  of  some  10  miles, 
but  it  presented  a  striking  resemblance  to  some  of  the  anticlinal  moun- 
tains of  Medina  sandstone  in  Pennsylvania,  even  to  the  sharp-cut  gap  by 
which  Buflfels  river  escapes  through  it  southward — ^a  close  match  to  the 
deep  gap  of  the  Juniata  in  Jacks  mountain,  central  Pennsylvania.  A 
notable  feature  of  the  South  African  view  was  the  absence  of  verdure  on 
the  mountain  slope.  The  whole  surface  seemed  to  be  of  bare  gray 
sandstone,  trenched  by  the  gorges  of  short  resequent  streams,  this  being 
a  strong  contrast  to  the  forest-covered  ridges  of  Pennsylvania  and  Vir- 
ginia. The  effect  of  the  Cape  Colony  ranges  in  walling  off  one  lowland 
belt  from  another  was  very  marked;  for  while  they  were  by  no  means 
unsiirmountable,  a  road  over  them  would  be  difficult  to  construct  and  to 
maintain  and  as  difficult  to  use ;  hence  the  great  economic  importance  of 
the  water  gaps  as  roadways,  already  reduced  to  moderate  grades  by  nat- 
nral  processes.  The  Buffels  Biver  notch  through  the  Klein  Zwartberg 
is  shown  in  the  background  of  figure  6. 

The  Witteberg  ranges  south  of  Matjesfontein  and  Laingsburg  were 
seen  to  better  advantage  than  the  Zwartberg,  for  our  route  lay  near  the 
northern  base  of  one  of  them  for  a  number  of  miles  and  crossed  another 
at  two  points.  Their  altitude  is  less  than  that  of  the  heavier  Table 
Mountain  sandstone  ranges.  They  everywhere  showed  strong  deforma- 
tion, with  frequent  overturns  and  overthrusts  toward  the  north.  The 
ridge  next  south  of  Matjesfontein  (M^  figure  1)  fades  away  a  few  miles 
farther  east,  where  its  anticlinal  axis  pitches  gently  underground,  so  that 
its  resistant  sandstones  and  quartzites  are  succeeded  in  that  direction 
by  weaker  sandstones  and  shales,  chiefly  the  lower  members  of  the  over- 
lying Karroo  system.    A  second  range  then  comes  into  view,  some  6 
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miles  farther  south  (plate  48,  figure  2) ;  it  was  this  one  we  crossed  in  our 
second  day^s  excursion  from  Laingsburg  (L,  figure  1),  August  22,  when 
we  drove  20  miles  southward  down  the  valley  of  Buffels  river,  through 
its  gorge  (plate  47,  figure  1),  Leeuw  Kloof  poort,  or  Lion  Ravine  gap, 
in  the  Witteberg  ridge,  where  good  sections  were  abundantly  exposed. 
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PiGUHB  2. — fifketo^  Ifap  of  Dtotricf  fifouf/^  of  Lalngshnrg,  Oape  Colony. 

Shows  gorge  of  the  Buffels  river  through  the  Witteberg  range.     Scale,  about  fire  miles 
to  an  inch.    Route  of  excursion  on  August  21,  single  dots ;  on  August  22,  doable  dots. 

The  general  distribution  of  the  ridges  hereabout  is  roughly  sketched  in 
figure  2,  on  wliich  our  route  is  shown  by  a  line  of  douhle  dots.  The  sec- 
tion in  the  gorge,  sketched  as  we  drove  through  it,  is  reproduced  in  fig- 
ure 3.  The  range  appears  to  be  a  double  or  faulted  anticline,  with  steep 
dips  and  overthrusts  along  its  northern  border,  wheire  the  Witteberg 


kLEIN  2WARTBERG  AND  WITTEBERGS 


HQl 


quartzites  plunge  underground.  Farther  northward  they  remain  covered 
beneath  the  heavy  Karroo  formations.  A  view  of  the  northern  base  of  the 
mountain  is  given  in  plate  47,  figure  2,  showing  vertical  strata. 

On  recrossing  the  range,  when  returning  by  Rooi  Nek  pass  about  10 
miles  farther  west,  the  vertical  dips  were  replaced  by  overturns,  with 
strong  suggestion  of  overthrusts.     A  narrow  longitudinal  synclinal  valley 


FiouHB  8. — Rough  Beciion  of  Wiiteherg  Range,  looking  East. 

The  locality  is  at  gorge  of  Buffels  river,  south  of  lAingsburg,  Cape  Colony.     Length, 
about  10  miles.     A  patch  of  Dwyka  tllllte  remains  in  the  synclinal  valley. 

south  of  the  range  held  a  patch  of  Dwyka  tillite  near  the  point  where  we 
entered  it  (see  figures  2  and  3),  thus  proving  the  original  extension  of  at 
least  the  Dwyka  or  basal  member  of  the  Karroo  system  southward  into 
the  region  of  strong  folding.  The  extension  of  still  higher  members 
of  the  Karroo  formations  is  indicated  by  the  excessive  plication  which 
the  Witteberg  quartzites  have  suffered  hereabout,  for  this  implies  that 


FiouBS  4. — Northern  Face  of  the  southern  Witteberg  Ridge,  looking  Southwest, 

The  foreground  is  a  synclinal  valley,  followed  for  a  few  miles  by  Buffels  river  between 
its  upper  and  lower  notches. 

they  were  buried  under  a  heavy  load  at  the  time  of  their  deformation. 
This  is  especially  true  of  the  ridge  that  rises  next  southward  from  the 
s}iiclinal  valley;  it  is  a  severely  wrinkled  monocline,  where  the  Witte- 
berg series  rises  into  the  air  to  vault  over  the  great  Zwartberg  anticline 
still  farther  south.  The  Bokkeveld  beds  follow  this  ridge  with  many 
minor  folds  on  which  a  rolling  lowland  or  longitudinal  valley  has  been 
opened.  A  view  of  the  northern  face  of  the  wrinkled  monocline,  next 
east  of  the  Buffels  River  notch,  is  given,  in  figure  4,  looking  southwest ; 
this  was  drawn  close  to  the  first  L  of  "Leeuw  Kloof  poort,"  in  figure  2. 
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A  view  of  the  same  ridge,  shown  in  natural  section  on  the  eastern  side 
of  the  notch  cut  by  Buff  els  river,  is  given  in  figure  5,  looking  northeast. 
This  was  drawn  from  a  knob  near  the  letters  TT  of  "Wrinkled  Witte- 
herg*'  in  figure  2,  about  2  miles  west  of  the  notch.     A  notable  feature  of 


Figure  5. — Eastern  Wall  of  Buffel*  River  Xofch. 

The  notch  Is  In  the  southern  Witteberg  ridf^e.  lookiuK  northeast.     Three  antlcUnes  and 
three  syncllnes  are  here  seen,  truncated  by  the  northern  slope  of  the  rldj^. 

the  view  is  the  repetition  of  a  certain  band  of  whitish  quartzitic  sand- 
stone in  three  anticlines  and  three  synclincs,  across  which  the  northern 
face  of  the  ridge  is  indifferently  beveled.  The  same  band  of  sandstone  ^s 
seen  in  a  local  ridge  in  the  distance,  where  it  rises  north  of  the  longi- 
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FiorRK  6. — Southern  Slope  of  the  aouihem  Wiiteherg  Ridge. 

A  lowland  of  Bokkereld  strata  is  in  the  middle  distance  and  the  Klein  Zwartlierg.  a 
Btrong  anticline  of  Table  Mountain  sandstones,  In  the  distance.  The  gorges  of  Bnffels 
river  are  seen  on  the  left  in  the  foreground  and  background  (»ee  note  In  text). 

tudinal  synclinal  valley  and  lies  on  the  back  slope  of  the  next  anticlinal 
ridge.  A  photographic  view  showing  part  of  these  features,  taken  from 
the  floor  of  Buff  els  River  gorge,  is  reproduced  in  plate  48,  figure  1. 
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A  view  looking  southward  from  the  same  knob  on  the  wrinkled  mono- 
clinal  ridge  is  presented  in  figure  6.  Here  the  basal  member  of  the  Witte- 
berg  sandstones  is  seen  with  northward  dip  forming  a  ridge  in  the  farther 
foreground.  When  this  ridge  is  followed  westward  its  determining 
stratum  is  seen  to  bend  around,  so  as  to  form  a  sharp  turn  in  the  ridge 
crest.  How  it  is  then  continued,  or  whether  it  is  torn  or  cut  off  by  a 
local  fault,  I  can  not  say.  Klein  Zwartberg  is  shown  in  the  distance, 
with  the  deep  gap  of  Buffels  river  on  the  left;  subordinate  Bokkeveld 
ridges  occupy  the  intermediate  lowland.  It  should  be  avowed  that  this 
figure  is  composed  of  two  sketches;  the  foreground  was  drawn  looking 
southwest;  the  background,  looking  south.  The  two  sketches  have  been 
brought  together  by  swinging  the  background  about  45  degrees  to  the 
right  of  its  true  direction  with  respect  to  the  foreground,  thus  giving  the 
incorrect  impression  that  the  near  and  far  ridges  are  convergent,  while  as 
a  matter  of  fact  they  are  essentially  parallel.  The  barrenness  of  this 
landscape  was  a  surprise  to  me;  the  view  here  drawn  included  only  one 
house  in  the  river  valley.  A  few  flocks  of  goats  and  sheep  were  seen  on 
the  ridges,  where  they  seemed  to  do  well,  although  we  saw  little  or  no 
grass  among  the  peculiar  plants  of  this  arid  region.  The  dryness  of  the 
climate  by  which  the  barrenness  of  the  Karroo  is  caused  does  not  seem 
to  be  due  largely  to  the  desiccation  of  rain-bringing  winds  by  the 
mountains  that  lie  across  their  path,  for  in  that  case  the  mountains  them- 
selvee  ought  to  be  fairly  well  watered  on  their  windward  (southern)  slopes, 
and  this  does  not  seem  to  be  the  case.  The  dryness  is  more  largely  deter- 
mined by  the  insufficient  equatorward  migration  of  the  belt  of  subtropical 
rains  of  the  South  African  winter  season,  and  thus  resembles  the  dryness 
of  Lower  California,  where  rainfall  is  extremely  scanty,  although  the 
ocean  lies  directly  alongside  of  the  desert  coast.  The  tracks  of  the 
cyclonic  areas,  from  which  the  rainfall  of  the  subtropical  belts  is  chiefly 
derived,  do  not  appear  to  run  far  enough  toward  the  equator,  even  in  the 
winter  of  the  southern  hemisphere,  to  water  the  Karroo.  On  the  other 
hand,  the  thunderstorm  rains  which  water  the  interior  highland  during 
the  southern  summer  do  not  occur  very  often  so  far  south  as  the  Karroo. 
Thus  the  Karroo  remains  as  a  dry  belt  between  two  areas  of  moderate 
rainfall,  one  of  winter,  the  other  of  sunmier  rains.  It  is  important  to 
understand  this  matter  in  connection  with  the  climate  of  the  Dwyka 
glacial  period,  which  is  considered  in  a  later  section. 

TABLE  MOUNTAIN  RANGE  AND  ITS  FELLOWS 

We  learned  from  Mr  Bogers  that  the  anticlinal  Zwartberg  is  a  typical 
example  of  its  system.    In  this  respect  the  east-and-west  Cape  Colony 

XXXy — ^BULL.  GxoL.  Soc.  Au.j  Vol.  17,  1005 


394  W.  M.  DAVIS OB8EKVATION8   IN   SOUTH   AFRICA 

ridges  present  a  strong  contrast  to  several  members  of  the  north-and- 
south  mountains  which  rise  near  the  Atlantic  coast  in  the  Cape  Town 
district,  and  of  which  Table  Mountain  range  is  a  well  known  ontlying 
example.  They  all  consist,  like  the  east-and-west  ridges,  of  Table  l^Ioun- 
tain  sandstone,  but  most  of  them  seem  to  be  of  more  or  less  distinctly 
synclinal  structure,  or  the  lower  edges  of  doMrn-faulted  mafrses,  while  the 
lowlands  between  them  are  not  occupied  by  younger  strata,  but  are  worn 
down  on  the  imconformably  underlying  Malmcsbury  series  of  steep  dip- 
ping slates  and  quartzites.  The  ridges  are  bold,  ru^^red  and  barren,  as 
in  plate  49,  figure  1. 

Over  much  of  this  tract  that  we  crossed  on  the  way  into  the  interior 
from  Cape  Town  the  lowlands  are  reduced  to  gently  undulating  local 
peneplains,  apparently  with  respect  to  present  sealevel,  sometimes  inter- 
rupted by  domes  of  intrusive  granite,  as  north  of  Paarl.  A  belt  of  sands, 
which  lies  on  a  slightly  depressed  part  of  the  lowlands,  constitutes  the 
"flats"  by  which  the  Table  Mountain  range  is  united  to  the  mainland, 
thus  apparently  repeating  the  relation  in  which  the  rock  of  Gibraltar 
stands  to  the  mainland  of  Spain.  The  exceptional  height  reached  by  the 
Malmesbury  beds  in  Signal  hill.  Cape  Town,  is  evidently  due  to  a  recent 
removal  of  a  cover  of  Table  Mountain  sandstone  like  that  which  still  caps 
Lions  head  a  little  farther  south,  both  of  these  being  only  small  instances' 
of  what  Table  Mountain  range  is  on  a  larger  scale. 

The  contrast  thus  presented  between  mountains  of  the  same  formation. 
Table  Mountain  sandstone,  of  anticlinal  structure  in  one  district  and  of 
synclinal  structure  in  another  not  far  away,  is  manifestly  to  be  explained 
not  by  any  difference  in  the  age  of  the  two  districts,  but  simply  by  the 
difference  in  the  attitude  of  the  resistant  mountain-making  sandstone 
with  respect  to  the  controlling  baselevel  in  the  present  cycle  of  erosion. 
In  the  district  of  the  east-and-west  ranges  the  folds  of  the  heavy  sand- 
stone have  a  relatively  deep-lying  position;  the  synclines  there  are  still 
below  baselevel,  while  the  anticlines  rise  above  baselevel  high  enough  to 
have  been  stripped  of  the  overlying  weaker  Bokkeveld  beds,  and  therefore 
to  stand  up  in  effective  relief,  yet  not  so  high  as  to  be  breached  along  the 
axis  and  thus  converted  into  paired  monoclinal  ridges,  as  so  often  happens 
in  the  case  of  the  Medina  anticlines  in  Pennsylvania.  In  the  neighbor- 
ing southwestern  district  of  the  north-and-south  ranges  the  general  atti- 
tude of  the  Table  Mountain  sandstones,  before  erosion  swept  so  much  of 
them  away,  must  have  been  much  higher;  for  here  the  anticlines  are  com- 
pletely destroyed  (their  destruction  probably  having  been  accomplished 
in  an  earlier  cycle  of  erosion  than  the  one  now  current),  and  only  the 
lowest-lying  parts  of  the  synclines  or  down-faulted  masses  now  remain. 
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Indeed,  the  discontinuity  of  such  ranges  as  that  of  Table  mountain  aind 
of  Riebeeeks  kast^el,  some  40  miles  to  the  northeast,  show  that  even  the 
syndines  of  Table  Mountain  sandstones  have  been  worn  away  along  a 
large  portion  of  the  length  of  their  axes,  the  residuals  that  still  survive 
probably  being  their  lowest  parts.  This  southwestern  coastal  district  is 
so  open  that  movement  is  easy  in  any  direction  across  the  peneplain  that 
has  been  worn  down  on  the  older  rocks,  except  where  the  isolated  remnant 
mountains  stand  up. 

There  was  so  often  occasion  during  our  journey  across  the  farther  in- 
terior country  to  speak  of  its  aridity,  as  in  the  Karroo  and  along  the 
eastern  border  of  the  Kalahari,  or  of  its  monotony,  as  on  the  broad  plains 
of  the  Veld,  that  there  is  all  the  more  reason  for  making  mention  of  the 
often  attractive  landscapes  in  the  southwestern  district  of  the  Cape  Col- 
ony. The  lower  lands  there  frequently  possessed  a  pleasing  modulation  • 
of  surface,  and  even  in  the  late  winter  month  of  our  visit  the  fields 
seemed  hospitably  inclined  to  support  the  colonists.  True,  the  moun- 
tains by  which  the  lowlands  are  interrupted  were  of  bare  and  ragged 
rocks^  with  no  forest  cover,  and  indeed  with  scanty  vegetation  of  any 
sort;  but  they  were  of  bold  and  picturesque  outline — a  strong  back- 
ground for  the  view  from  neat  villages  across  fields  in  open  vales  and  on 
lower  hills.  It  is  possible  that  the  landscape  hereabout  may  have  a  more 
austere  aspect  in  the  autumn  after  the  dry  sunmier;  but  when  we  saw  it, 
near  the  opening  of  spring,  it  was  agreeably  appealing,  with  a  homelike 
quality  that  was  sadly  absent  elsewhere. 

On  going  farther  inland  the  heavy  Table  Mountain  sandstones  form 
more  continuous  ridges,  because  the  general  altitude  of  the  synclines  there 
concerned  decreases.  Among  these  longer  ridges  movement  is  much  con- 
strained. The  railway  has  to  make  a  long  detour  northward  to  the 
oblique  gap  of  Berg  river,  in  the  Drakenstein  ridge  (not  to  be  confounded 
with  the  Drakensberg  mountains  of  Basutoland,  much  farther  northeast), 
by  which  to  reach  a  north-and-south  anticlinal  valley;  then  a  long  turn 
is  made  southward  to  reach  the  Hex  River  gorge,  where  the  railway  turns 
northeastward  (over  the  letters  TO  in  Capetown  in  figure  1)  in  the  next 
range  of  Table  Mountain  sandstone,  the  southern  termination  of  the 
Cedarbergen.  It  is  through  this  gorge  that  access  is  gained  to  the  open 
inner  country  of  the  Great  Karroo,  worn  down  to  a  lowland  on  the  weak 
Bokkeveld  beds.  It  may  be  noted  that  Hex  River  gorge,  a  superb  ex- 
hibition of  erosion  in  the  massive  sandstones,  is  peculiar  in  being  located 
near  the  axis  of  a  northeast-pitching  syncline,  formed  where  the  north- 
and-south  system  of  folds  joins  the  east-and-west  system.  The  river  is 
furthermore  peculiar  in  flowing  against  the  pitch  of  the  synclinal  axis, 
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oppoeite  to  the  course  that  a  consequent  river  would  take.  The  ridge  on 
the  western  limb  of  the  syncline  was  seen  to  decline  and  end  some  20  or 
more  miles  north  of  the  gorge,  and  we  were  told  that  its  ending  was  due 
to  a  north-pitching  anticlinal  roll  in  the  determining  sandstones.  All 
this  adds  new  features  of  resemblance  to  Xhe  Allegheny  ridges,  where 
streams  frequently  flow  outward  from  a  synclinal  valley  near  the  apex 
of  the  inclosing  synclinal  mountain  and  where  zigzag  mountain  crests  are 
of  frequent  occurrence. 

The  contrast  of  the  anticlinal  and  the  synclinal  mountains  just  referred 
to  is  of  value  as  an  aid  in  dispelling  the  myth,  so  long  current  in  geolog- 
ical literature,  that  anticlines  are  weak  structures  and  that  synelines  are 
strong  structures;  that  anticlines,  naturally  prevalent  in  young  moun- 
tains, are  imusual  or  abnormal  in  mountains  of  great  age,  where  syn- 
clinal ridges  should  prevail.  The  Cape  Colony  ranges  agree  with  the 
Alleghenies  of  Pennsylvania  in  proving  that  whether  the  structure  be  anti- 
clinal or  synclinal  is  of  secondary  importance,  in  so  far  as  resistance  to 
erosion  is  concerned ;  the  prime  factors  which  determine  relief  are  in  the 
first  place  the  relative  resistance  of  the  formations  involved,  and  in  the 
second  place  their  attitude  with  respect  to  the  controlling  baselevel.  It 
is  of  course  true  in  general  that  if  a  region  of  folded  structure  be  worn 
down  below  the  level  of  the  deepest  folds,  so  as  to  expose  the  unconforiu- 
ably  underlying  formations,  the  synelines  will,  other  things  being  equal, 
survive  the  longest ;  but  such  a  condition  is  seldom  met  with.  Moreover, 
when  the  general  statement  is  made  that  anticlinal  ridges  are  exceptional 
and  synclinal  ridges  are  prevalent  in  mountains  of  great  antiquity,  no 
mention  is  made  and  no  reference  is  intended  to  the  complete  obliteration 
of  the  folded  structures,  as  in  the  ideal  case  just  conisdered.  The  gen- 
eral statement  is  based  on  an  essential  misconception,  for  the  correction 
of  which  the  Cape  Colony  ridges  and  the  ridges  of  Pennsylvania  may  be 
confidently  appealed  to.  Anticlines  are  not  inherently  weak  structures, 
nor  are  synelines  essentially  strong  structures.  In  old  mountains  syn- 
elines of  relatively  weak  rocks  are  worn  down,  while  synelines  of  hard 
rocks  stand  up;  likewise  anticlines  of  weak  rocks  are  worn  down,  while 
anticlines  of  strong  rocks  stand  up;  hence  it  is  the  nature  of  the  rock 
and  its  attitude  with  respect  to  baselevel,  and  not  the  anticlinal  and  the 
synclinal  structure,  that  are  dominant  in  determining  these  residual 
reliefs. 

PLAN  AT  JON  SURFACES  IN  THE  KARROO 

During  our  excursions  from  Laingsburg  we  saw  an  excellent  example 
of  a  broad  and  smooth  planation  surface  or  terrace,  truncating  the 
strongly  folded  Witteberg,  Dwyka,  and  Ecca  beds  and  strewn  over  with 


PLANATION  SURFACES  IN  THE  KARROO 


397 


quartzite  boulders  and  cobbles  from  the  neighboring  Witteberg  ridges — a 
plain  of  irredeemable  barrenness;  though  not  without  plant  growth.  This 
relation  is  shown  in  figure  7.  The  general  location  of  the  terrace  is 
indicated  in  figure  2.  The  terrace  is  evidently  the  ancient  valley  floor 
of  the  Buffels  Eiver  system,  in  the  old  age  of  an  earlier  cycle.  The 
valley  floor  was  broadly  opened  on  an  area  of  moderately  resistant 
strata,  after  the  river  had  cut  down  so  deeply  in  the  Leeuw  Kloof  poort 
of  the  Witteberg  ridge  next  farther  downstream  that  further  deepening 
became  extremely  slow.  The  reduction  of  the  surface  to  a  plain  must 
have  been  largely  aided  by  the  general  wasting  down  of  the  minor  ridges 
as  well  as  by  the  lateral  swinging  of  the  streams.  The  distribution  of 
the  coarse  cobbles  over  the  plain  seems  to  have  been  the  work  of  sheet- 
floods,  such  as  become  peculiarly  efFec^tive  in  the  later  stages  of  a  cycle  of 
erosion,  particularly  in  a  region  where  occasional  heavy  downpours  of 
rain  occur.  The  plain  is  now  dissected  by  Buffels  river  and  its  branches, 
whose  valleys  have  reached  a  stage  of  middle  or  late  maturity,  at  a  level 


FiGUEH  7. — Detailed  Section  of  the  Witteberg,  Dwyka,  and  Ecca  Series. 

Witteberg  strata  are  on  the  right,  Dwyka  in  the  center,  and  Ecca  on  the  left.     The 
locality  is  five  miles  soothwest  of  Laingsburg. 

of  from  300  to  500  feet  beneath  that  of  the  plain.  A  view  of  the  terrace 
plain,  looking  southward  toward  the  ridge  from  which  the  cobbles  are 
derived,  is  given  in  plate  52,  figure  2.  A  view  of  the  valleys  dissected 
beneath  the  plain,  taken  from  about  the  same  point  as  the  preceding  view, 
but  looking  west-northwest,  is  given  in  plate  48,  figure  1 ;  some  of  the 
higher  knobs  in  the  ridges  shown  rose,  however,  above  the  terrace 
level.  We  were  told  that  several  other  examples  of  cobble-strewn  terraces 
are  known  elsewhere  among  the  east-aiid-west  ridges.  Sonio  of  them 
have  been  described  by  Schwarz. 

The  chief  reason  for  mentioning  this  terrace  is  to  draw  attention  to 
its  possible  explanation  by  change  of  climate  rather  than  by  change  of 
continental  attitude  or  altitude,  the  latter  explanation  having  been  gener- 
ally accepted  on  our  excursion.  It  is  well  known  that  a  valley  floor  will 
be  widened  by  the  swinging  of  a  river  that  has  reached  the  gi-aded  condi- 
tion— ^that  is,  the  condition  of  balance  between  its  capacity  to  do  work 
and  the  work  that  it  has  to  do ;  that  the  graded  condition  is  one  of  great 
delicacy,  and  that  any  change  in  river  volume  or  river  load  will  tend  to 
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cause  the  abandonment  of  the  pienonslj  established  graded  condition 
and  the  deyelopment  of  a  new  grade.  It  is  true  that  the  variation  of 
river  slope  thus  determined  may  be  very  small,  but  it  is  also  true  that  a 
small  variation  of  slope  will  cause  a  significant  change  in  the  way  of 
aggrading  or  of  degrading  in  the  upper  course  of  a  river  several  score  or 
several  hundred  of  miles  in  length.  It  is,  moreover,  generally  beliered 
that  climatic  changes  of  importance  have  taken  place  in  the  Pleistocene 
time ;  hence  the  effects  of  such  changes  should  be  looked  for  in  the  valleys 
of  graded  rivers,  just  as  they  are  looked  for  where  glaciers  have  been 
formed  and  where  lakes  have  expanded  and  contracted.  While  these 
principles  are  familiarly  accepted,  their  application  to  the  problem  of 
terracing  is  less  general  than  it  should  be.  One  of  the  most  important 
examples  of  such  application  is  that  offered  in  W.  D.  Johnson's  admirable 
paper  on  the  High  plains  of  Colorado  and  Kansas,  in  which  variation  of 
climate  rather  tlian  variation  of  continental  attitude  is  appealed  to  as  the 
effective  cause  of  the  aggradation  of  the  plains  by  the  rivers  flowing 
from  the  mountains  and  for  the  later  dissection  of  the  aggraded  plains 
by  the  same  rivers.  Another  example  of  the  same  kind  is  to  be  found  In 
the  first  volume  of  Pumpelly's  report  on  his  Carnegie  expedition  to 
Turkestan,  in  which  Ellworth  Huntington  describes  certain  terraces  asso- 
ciated with  glacial  moraines  in  the  valleys  of  the  Tian  Shan  mountains 
of  central  Asia.  I  can  not  attempt  to  determine  how  far  these  authors 
are  right  in  thus  appealing  to  climatic  variations  in  explanation  of  the 
phenomena  that  they  describe ;  but  it  is  safe  to  say  that,  until  variation 
of  climate  and  variation  of  continental  attitude  are  both  duly  considered 
and  some  means  of  distinguishing  between  their  effects  is  discovered,  it 
will  be  premature  to  assume  that  either  cause  is  fully  responsible  for  the 
observed  effects. 

The  Buffels  Kiver  terrace  is  al^out  100  miles  from  the  mouth  of  its 
river  system.  When  the  terrace  was  formed  Buffels  river  was  probably 
well  graded  all  tlie  way  to  its  mouth,  a  tolerably  smooth  and  gently 
sloping  channel  being  then  established  even  in  the  mountain  gorges  that 
it  traversed.  At  present,  however,  the  river  is  not  ver}'  smoothly  graded 
in  certain  parts  of  the  Leeuw  Kloof  notch,  and  hence  is  probably  even  less 
smoothly  graded  in  the  harder  rocks  of  the  notch  in  the  Klein  Zwartberg. 
WTien  an  even  grade  is  fully  established  later  in  the  present  cycle,  the 
valley  about  Laingsburg  will  have  been  significantly  deepened  and  greatly 
widened.  The  total  depth  of  erosion  in  the  terrace  or  the  former  valley 
floor  to  the  equally  well  developed  future  valley  floor,  great  as  it  may 
seem  when  only  the  Laingsburg  district  is  considered,  would  be  brought 
about  by  a  change  of  river  slope  amounting  to  only  10  or  15  minutes  of 
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arc  in  the  100-mile  Biiflfels  river  from  Laingsburg  to  the  sea,  and  it  can 
hardly  be  doubted  that  so  small  a  change  of  slope  would  be  easily  pro- 
ducible by  climatic  control  without  any  change  whatever  in  continental' 
attitude.  On  the  other  hand,  it  is  entirely  possible,  as  far  as  purely  theo- 
retical considerations  are  considered,  that  the  dissection  of  the  terrace 
here  described  may  be  due  wholly  to  revival  of  river  erosion  by  crustal 
movement,  independent  of  climatic  cliange.  When  fuller  details  are  at 
hand  regarding  the  distribution  of  similar  gravel-covered  terraces  in  the 
valleys  of  the  Cape  Colony  ranges  it  may  be  possible  to  choose  l)et^veen 
these  alternative  hypotheses.  It  will  then  be  important  to  examine  the 
distribution  of  terraces  with  respect  to  the  direction  of  the  rivers  that 
they  accompany,  for  under  the  h\q3othe8is  of  climatic  change  all  the  rivers 
of  the  region  will  terrace  their  valleys,  irrespective  of  their  directiou, 
the  depth  of  terracing  being  dependent  on  the  amount  of  climatic  change, 
on  the  distance  of  the  terrace  from  the  river  mouth  (measured  along  the 
river),  and  on  the  time  since  the  change  of  climate  occurred.  On  the 
hypothesis  of  regional  warping  or  tilting,  terraces  will  be  much  better 
developed  along  rivers  wliose  courses  are  in  the  direction  of  tilting  than 
along  those  whose  courses  are  in  the  opposite  direction. 

It  may  be  mentioned  that  some  members  of  our  excursion  party  seemed 
to  regard  the  Buffels  River  terrace  as  possibly  a  result  of  the  diflSculty 
encountered  by  the  river  in  deepening  its  notches  through  the  mountains 
farther  down  valley  without  any  aid  from  climatic  change  or  from  re- 
vival by  tilting — that  is,  the  terrace  was  regarded  as  a  possible  product 
of  a  continuous  cycle  of  erosion,  uninterrupted  by  land  movement  and 
unaffected  by  climatic  change.  Sucli  an  explanation  is  untenable  in  the 
case  of  a  river  which  is  cutting  a  nf)tch  in  an  anticlinal  ridge;  for  here 
the  difficulty  of  cutting  increases  with  increased  depth  of  cutting  below 
the  anticlinal  crest,  while  the  valley  eroded  beneath  the  terrace  indicates 
a  relatively  sudden  increase  in  the  efficiency  of  erosion.  Such  an  in- 
creased efficiency  might  he  associated  with  a  river  which  had  been  cutting 
a  notch  through  a  synclinal  mountain,  for  the  broadened  valley  floor 
eroded  in  weaker  strata  upstream  from  the  notch  might  be  trenched  when 
the  river  had  cut  down  through  the  harder  synclinal  strata  into  weaker 
underlying  strata.  The  Buffels  River  terrace  is  evidently  associated  with 
notches  cut  in  anticlinal  ridges,  and  hence  can  not  be  explained  merely 
by  the  varying  relations  of  the  river  to  the  hard  rocks  in  the  notches. 

THE  DISSECTION  OF  GRADE  I)  MOUNTAIN  SLOPES 

On  the  eastern  side  of  the  open  anticlinal  valley  between  the  Draken- 
Btein  range  (the  southern  part  of  the  Olifants  River  mountains)  on  the 
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west  and  the  Cedarbergen  on  the  east,  it  was  noted  that  the  western  face 
of  the  last  named  range  presented  rather  well  graded  slopes,  in  which 
narrow  ofasequcnt  ravines  were  sharply  cut.  It  did  not  seem  as  if  the 
smooth  slopes  and  the  sharp  cut  ravines  could  be  due  to  a  single  set  of 
erosive  processes  acting  together  in  an  undisturbed  physiographic  cycle. 
Some  change  seemed  to  have  taken  place  whereby  the  ravine  streams  have 
been  enabled  to  incise  their  steep  courses  beneath  the  open  slopes  that 
they  should  have  formerly  occupied  on  the  graded  mountain  "^ide.  Some- 
thing of  the  same  kind  was  suggested  in  the  distant  view  of  the  north 
slope  of  Klein  Zwartberg,  as  is  indicated  in  the  sketch,  figure  6.  Sim- 
ilar features  are  described  by  Schwarz  (a,  49),  who  gives  a  figure  in 
which  the  contrast  of  graded  mountain  slope  and  incised  ravines  is  even 
more  distinct  than  in  the  cases  that  I  had  seen ;  but,  as  in  the  other  exam- 
ples of  relatively  recent  dissection  described  by  the  author  cited,  this  one 
is  ascribed  essentially  to  the  effects  of  stream  revival  by  continental 
movement.  It  is  quite  possible  that  such  may  be  the  case;  but  it  seems 
to  me  desirable  to  maintain  an  open  mind  on  that  point  for  the  present, 
until  it  can  be  more  ftdly  determined  what  share  climatic  change  may 
have  produced  here  as  well  as  in  the  production  of  terraces. 

The  Dwtka  Formation 

obnjsral  peaturb8 

Extent  and  stratigraphic  relations, — The  Dwyka  formation,  probably 
of  Permian  date  and  of  variable  thickness  up  to  1,000  feet  or  more,  is  the 
lowest  member  of  the  Karroo  system,  which  covers  some  200,000  square 
miles  in  the  interior  of  South  Africa  between  latitudes  26  and  33  V^  de- 
grees south.  The  area  of  the  Dwj'ka  is  shown  in  figure  1.  It  reaches  the 
eastern  coast  at  various  points  in  Natal  and  Cape  Colony  between  latitudes 
29  and  331/^  degrees  south.  It  rests  for  the  most  part  unconformably 
on  a  grooved  and  striated  surface  of  older  rocks,  but  along  its  southern 
border  it  follows  conformably  a  series  of  sandstones  and  shales.  It  con- 
sists chiefly  of  an  unstratified  and  consolidated  clastic  grotmdinass  with 
subangular  or  rounded  scraps,  stones,  and  boulders  of  many  kinds,  the 
finer  textured  stones  and  boulders  being  usually  well  scratched.  It  is 
conformably  overlaid  by  a  coal-bearing  series  of  shales  and  sandstones. 
It  lies  for  the  most  part  essentially  undisturbed,  but  along  its  southern 
border  it  has  been  strongly  folded,  along  with  older  and  younger  strata,  in 
a  series  of  anticlines  and  8}Ticlines,  which  form  the  Witteberg  ranges  de- 
scribed in  a  preceding  section.     The  area  now  occupied  by  the  Dwyka  is 
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certainly  less  than  its  original  area,  for  its  outcrops  everywhere  indicate 
a  loss  by  erosion. 

The  glacial  origin  of  the  Dwyka  formation  is  as  unquestionable  as  is 
that  of  the  drift  sheets  of  northeastern  America  or  of  northwestern 
Europe;  but,  singular  to  relate,  the  Permian  ice-sheet  by  which  the  Dwj'ka 
was  formed  moved  in  general  southward,  from  the  region  of  the  equator 
toward  the  region  of  the  pole. 

Accounts  of  the  progress  of  geological  investigation  in  South  Africa 
with  particular  reference  to  the  recognition  of  the  Dwyka  formation  as  of 
glacial  origin  are  given  by  Corstorphine,  Hatch  and  Corstorphine  (10-18, 
197-210),  Bogers,  and  Mellor.  It  is  probable  that  the  glacial  origin 
of  the  Dwyka  would  have  earlier  found  a  more  general  acceptance  if 
various  other  origins  had  not  been  suggested  for  it  by  several  South 
African  observers. 

My  object  here  is  to  set  fortli  certain  observations  that  I  made  on  the 
Dwyka  with  its  associated  formations  and  certain  conclusions  to  which 
these  observations  led. 

The  capital  letters  in  figure  1  are  the  initials  of  the  localities  that  our 
parties  visited ;  the  small  letters  are  initials  of  especially  significant  local- 
ities described  by  Bogers,  Mellor,  Anderson,  and  others,  which  we  did  not 
see  and  to  which  reference  is  made  farther  on.  In  speaking  of  the  un- 
stratified  parts  of  the  Dwyka,  I  shall  avoid  the  term  "congolmerate**  and 
adopt  Penck^s  term,  tillite,  meaning  thereby  a  rock  formed  by  the  con- 
solidation of  glacial  till. 

The  Dwyka  near  Matjesfontein, — Our  first  sight  of  the  Dwyka  was  on 
the  excursion  led  by  Mr  Bogers,  as  already  described.  We  reached  Mat- 
jesfontein, in  the  Karroo  district,  on  the  morning  of  August  20,  and 
there  found  ourselves  in  the  Karroo,  the  dry  interior  country  of  east-and- 
west  ridges  and  valleys  that  lie  between  the  great  interior  highland  and 
the  Cape  Colony  ranges.  Here  we  had  a  walk  of  about  5  miles  northward 
from  the  neat  railway  village  across  broad  ridges  and  valleys  of  Dwyka 
and  Ecca.  A  few  miles  to  the  south  rose  a  long,  even  crested  anticlinal 
mountain  of  Witteberg  sandstones.  Farther  away  in  the  north  rose  the 
escarpment  of  the  plateau  country  of  horizontal  Ecca  and  Beaufort  for- 
mations. The  whole  district  hereabout  is  treeless ;  the  water-courses  were 
nearly  all  dry  at  the  time  of  our  visit.  The  surface  of  the  ground  was 
abundantly  exposed  between  the  scattered  plants,  and  the  exposures  of 
bare  rock  were  plentiful  where  a  thin,  stony  soil  had  not  accumulated. 
The  following  facts  were  noted. 

The  matrix  or  groundmass  of  the  Dwyka  tillite  is  here  dark,  fine- 
grained, unstratified  and  trap-like  in  appearance;  it  contains  numerous 
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small  angular  specks  and  scraps  of  many  sorts  of  rocks,  as  well  as  pebbles, 
cobbles,  and  boulders  up  to  two  or  three  feet  in  diameter.  We  found 
pieces  of  granite,  amygdaloid,  banded  jasper,  quartzite,  quartz,  limestone, 
slate,  and  several  kinds  of  sandstone.  It  seemed  as  if  every  piece  of  the 
finer  grained  sandstones,  especially  of  a  certain  fine  reddish  sandstone, 
found  in  the  tillite  or  loose  on  the  surface  near  the  point  where  it  was 
weathered  out,  was  distinctly  and  irregularly  scratched.  It  would  be  im- 
possible to  distinguish  these  scratched  stones  from  stones  of  the  same 
texture  foimd  in  the  till  of  New  England.  The  larger  pieces  of  sand- 
stone and  quartzite  were  often  grooved^  faceted,  and  regularly  striated  as 
well  as  irregularly  scratched,  all  these  markings  being  characteristically 
of  glacial  origin.  These  surface  details  are  soon  lost  as  the  weathere<l 
cobbles  and  boulders  creep  and  wash  down  the  hillsides.  The  lack  of 
scratches  on  many  of  the  coarser  grained  stones  is  precisely  what  might 
be  expected  in  an  ancient  tillite,  if  we  judge  of  it  by  modern  glacial  forma- 
tions; for  it  must  not  be  forgotten  that  by  no  means  all  the  stones  in 
Alpine  moraines  or  in  Pleistocene  till  sheets  are  striated. 

Some  of  the  pebbles  in  the  tillite  near  Matjesfontein  were  slightly 
sheared,  some  were  indented,  others  wore  pointed  "beards"  of  the  sheared 
matrix.  Pebbles  thus  affected,  but  without  surface  scratchings,  are  not 
uncommon  in  various  nonglacial  conglomerates  that  have  been  compressed 
and  tilted ;  for  example,  in  some  of  the  Carboniferous  conglomerates  near 
Boston,  Massachusetts,  and  Newport,  Khode  Island.  It  therefore  seems 
reasonable  to  refer  the  shearing  and  denting  of  the  Dwyka  pebbles  to  the 
regional  deformation  which  the  whole  series  of  formations  has  suffered 
in  the  Karroo,  and  to  regard  these  as  secondary  features  that  have  no 
bearing  on  the  scratches,  which  are  primary  features  of  the  formation. 
Xone  of  the  outcrops  that  we  here  identified  as  Dwyka  by  means  of  their 
included  stone  fragments  exhibited  distinct  stratification,  but  there 
seemed  to  be  a  heavy  bedded  structure  which  determined  the  development 
of  linear  topographic  features;  in  this  respect  our  observations  on  the 
following  day  near  Tjaingsburg  are  more  significant.  The  normal  dark 
blue  color  of  the  unweathered  tillite  was  well  shown  in  several  recent  cuts 
along  the  sides  of  the  post  road  that  we  followed ;  the  weathered  surface 
is  a  dull  yellowish  gray  or  brown.  This  change  of  color  recalls  that  which 
takes  place  when  the  bluish  Pleistocene  till  of  the  northern  United  States 
is  attacked  by  the  weather  and  rusted  to  a  yellowish  gray.  The  larger 
forms  of  this  district  indicated  several  folds  of  moderate  intensity,  espe- 
cially in  relation  to  a  high  sA'nclinal  hill  a  few  miles  away,  which  was 
identified  as  consisting  of  the  overlying  Ecca  sandstones  by  Mr  Rogers 
from  his  previous  studies  here ;  but  the  near  view  of  the  Dwyka  gave  us 
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no  indication  of  its  attitude.  The  rock  frequently  weathered  into  sharp 
pinnacles  or  spikes,  as  in  plate  50,  figure  1,  from  1  to  3  feet  high,  the 
result  of  flaking  and  splintering  along  surfaces  that  we  afterward  found 
to  stand  usually  about  at  right  angles  to  the  tillite  sheets.  We  made  no 
attempt  to  measure  the  thickness  of  the  Dwyka  here,  as  its  structural  rela- 
tions were  too  obscure,  nor  could  we  at  this  place  safely  make  out  its 
structural  relations  to  the  underlying  or  overlying  formations. 

The  result  of  this  first  day's  observations  was  to  convince  us  that  all 
marine,  lacustrine,  fluviatile,  eolian,  and  volcanic  processes  must  be  ex- 
cluded from  any  share  in  making  so  much  of  the  Dwyka  as  we  had  seen, 
and  to  prepare  us  to  accept  the  explanation  given  for  it  by  the  majority 
of  South  African  geologists,  if  its  outcrops  elsewhere  should  bear  equally 
unmistakable  signs  of  glacial  action. 

The  Dwyka  ridges  near  Laingshurg, — A  short  run  by  train  on  the  morn- 
ing of  August  21  carried  us  from  Matj^fontein  about  20  miles  eastw.ard 
to  Laingshurg,  where  we  drove  out  5  miles  southwestward  in  two-wheel'^"! 
Gape  carts  to  the  dry  ravine  of  Witteberg  river  (see  figure  2),  a  branch  of 
Buffels  river,  which  here  flows  southward,  transversely  to  the  general 
trend  of  the  Karroo  ridges  and  valleys.  The  upper  Witteberg  branches 
have  eroded  valleys  from  300  to  500  feet  deep  beneath  the  planation  sur- 
face that  is  strewn  with  cobbles  of  Witteberg  sandstone,  as  has  already 
been  described  on  an  earlier  page.  The  north-south  section  of  the 
Dwyka  at  this  locality  is  shown  in  figure  7,  from  which  it  appears  that 
the  Dwyka,  along  with  the  imderlying  Witteberg  and  the  overlying 
Ecca  formations,  has  been  strongly  tilted  and  eroded.  The  Dwyka  stands 
nearly  vertical,  with  steep  dip  to  the  north.  The  lower  1,000  feet,  for  the 
most  part  unstratified,  carry  pebbles,  cobbles,  and  boulders;  the  upper 
700  feet  of  the  formation,  as  it  has  been  defined  by  Rogers  and  others,  is 
made  up  of  ordinary  stratified  sandstones  and  shales.  This  upper  division 
showed  no  peculiar  features ;  it  might  have  been  well  associated,  as  far  as 
we  could  see,  with  the  overlying  Ecca,  from  which  it  was  arbitrarily  but 
conveniently  divided  by  a  persistent  stratum  of  dark  shales  which  weather 
wliitish,  with  an  efflorescence  of  gypsum  (shown  by  an  undulating  line  in 
figure  7),  so  as  to  be  traceable  as  a  gray  band  on  the  ridge  slopes  for  miles 
around.  Our  attention  was  particularly  directed  to  the  lower  1,000  feet 
of  the  Dwyka,  where  six  members  are  to  be  noted,  the  first,  third,  and 
fifth  being  worn  doA^Ti  in  longitudinal  east-west  valleys,  the  second, 
fourth,  and  sixth  standing  up  as  ridges  200  or  more  feet  in  height.  The 
ridge-raaking  members  are  each  150  or  200  feet  thick;  tlie  valley-making 
members  share  the  rest  of  the  total  (see  figure  7). 
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The  lowest  or  basal  member  consists  of  shales,  distinctly  stratified,  and 
contains  small  and  scattered  fragments,  up  to  a  foot  or  so  in  diameter, 
of  various  rocks.  The  fragments  are  rarely  more  than  3  or  4  inches  in 
diameter  near  the  base  of  this  member;  tliey  are  larger,  up  to  10  or  15 
inches  in  diameter,  and  more  frequently  striated,  50  or  more  feet  above 
the  base.  It  is  only  by  the  presence  of  these  fragments  that  the  basal 
member  is  to  be  distinguished  from  the  underlying  Witteberg  shales,  for 
the  passage  from  one  to  the  other  is  not  marked  by  an  unconformity  or 
distinct  change  of  composition,  except  for  a  discontinuous  layer  of  quartz 
rock  that  sometimes  separates  the  two.  As  none  of  the  formations  in  the 
Karroo  series  contain  marine  fossils  and  as  freshwater  or  land  fossils 
occur  at  several  horizons,  it  was  inferred  that  the  basal  member  of  the 
Dwyka  was  deposited  eitlier  in  a  sheet  of  water  or  by  a  river  marginal  to 
an  ice-sheet;  preference  was  given  to  the  former,  as  far  as  our  observa- 
tions went,  because  of  the  presence  of  the  scattered  scratched  stones, 
which  are  thought  not  to  characterize  river  deposits  in  general,  and  be- 
cause of  the  absence  of  gravelly  layers  and  cross-bedded  structure,  which 
should  be  expected  in  river  deposits  not  far  from  an  ice-sheet.  Thus  in- 
terpreted, the  basal  member  of  the  Dwyka  differs  from  the  next  under- 
lying layers  of  the  Witteberg  in  marking  a  time  when  an  ice-sheet  had 
advanced  near  enough  to  add  stones,  carried  by  floating  ice,  to  the  de- 
posits of  a  body  of  standing  water.  In  the  absence  of  marine  fossils,  the 
water  seems  to  have  been  that  of  a  lake.  The  side  from  which  the  ice 
advanced  is  not  indicated  by  anything  that  we  saw  in  this  district,  but  it 
is  well  proved  to  have  come  from  the  north  by  observations  elsewhere,  of 
which  more  is  said  below. 

The  second  memlicr  of  the  Dwyka  is  a  characteristic  sheet  of  tillite — 
compact,  dark  bluish  when  fresh,  yellowish  brown  when  weathered,  en- 
tirely unstratified  except  for  a  single  vertical  layer  of  conglomerate  a  few 
feet  thick — which  is  exposed  in  a  fine  notch,  or  "poort,"  where  Witteljer.^ 
river  has  cut  through  the  ridge.  A  view  of  the  eastern  wall  of  the  |)oori  is 
given  in  plate  50,  figure  2 ;  a  similar  view  'is  given  by  Rogers  (plate  on 
page  167).  The  dominant  joints,  many  of  which  are  here  shown,  divide 
the  mass  into  prisms  that  stand  about  square  to  the  tillite  sheet — that  is, 
they  dip  gently  to  the  south.  The  bedding  is  nearly  vertical,  as  is  shown 
by  the  layer  of  conglomerate  near  the  left  margin  of  the  view.  On  the  top 
of  the  ridge  (plate  52,  figure  1)  the  prisms  are  weathered  into  %ales" 
and  "pillows"  by  the  loss  of  their  corners,  and  the  pillows  are  reduced  to 
curious  spike-like  fragments  by  flaking  and  splintering  on  surfaces  of 
what  seemed  to  ])e  incipient  schistosity.  The  points  of  the  pillows  and 
spikes  often  stand  out  on  the  slopes  of  the  ridge,  giving  it  a  very  peculiar 
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expression.  The  tillite  contains  abundant  fragments,  small  and  large,  of 
many  kinds  of  rocks.  It  was  easy  ixy  find  striated  stones  on  the  slope  of 
the  ridge,  where  they  had  lately  been  weathered  from  the  matrix.  It  was 
noteworthy  that  this  heavy  tillite  sheet  lay  evenly  on  the  basal  stratified 
member  without  any  discoverable  disturbance  or  unconformity.  In  this 
it  corresponds  to  various  sheets  of  till  in  the  upper  Mississippi  valley, 
which  frequently  lie  conformably  on  stratified  deposits.  It'is  evident  that 
the  tillite  indicates  the  arrival  of  the  ice-sheet,  whose  coming  had  been 
foreshadowed  by  stones  in  the  basal  member,  and  that  the  ice-sheet  acted 
here  as  an  aggrading  agent,  in  striking  contrast  to  its  behavior  farther 
north,  as  will  appear  later. 

The  third  member  of  the  Dwyka  is  worn  down  in  a  well  defined  longi- 
tudinal valley,  although  it  is  not  distinguishable  in  appearance  from  the 
tillite  of  the  ridges  that  inclose  it.  Its  structure  is  well  shown  in  abun- 
dant exposures  in  the  dry  channel  of  Wittebergs  river,  which  turns  along 
the  valley  for  half  a  mile  between  two  notches.  Small  boulders  of  many 
kinds  are  here  seen  in  the  tillite.  This  valley  is  shown  in  plate  52,  figure 
1,  between  ridges  of  the  second  and  fourth  members,  which  turn  gently 
to  the  left  in  the  distance. 

The  fourth  member  makes  a  ridge  like  the  second.  It  is  a  sheet  of 
tillite,  but  seems  to  be  divided  about  the  middle  by  a  weaker  sheet — per- 
haps by  some  stratified  layers  that  we  did  not  see — for  the  ridge  is  some- 
what grooved  along  the  top  on  each  side  of  the  notch  that  we  came 
through. 

The  fifth  member  is  again  stratified,  and  here  stands  vertical,  as  in 
plate  51,  figure  1.  It  contains  scattered  stones,  like  the  basal  member. 
The  upper  surface  of  the  fourth  member  and  the  lower  surface  of  the 
sixth  seemed  to  be  closely  conformable  to  the  stratification  of  the  fifth. 
The  fifth  layer  was  taken  to  indicate  a  withdrawal  of  the  ice-sheet  which 
had  formed  the  second,  third,  and  fourth  members  and  a  resumption  of 
aqueous  conditions  similar  to  those  which  prevailed  during  the  deposi- 
tion of  the  basal  member. 

The  sixth  member  is  a  resistant,  ridge-making  sheet  of  tillite,  not  so 
thick  as  the  fourth,  but  of  the  same  nature.  It  appeared  to  be  conform- 
ably followed  by  the  overlying  sandstones  and  shales.  Like  the  other 
unstratified  sheets,  this  one  weathered  on  transverse  joints  and  surfaces  of 
incipient  schistosity  into  pillows  and  spikes,  giving  the  crest  and  upper 
slopes  of  the  ridge  the  appearance  of  being  built  up  in  part  of  bales  and 
sticks  laid  crosswise.  This  sheet  of  tillite  manifestly  indicates  a  return 
of  the  aggrading  ice-sheet — that  is,  of  an  ice-sheet  which  by  its  own 
weakening  action  here  laid  down  the  detritus  that  it  had  dragged  from 
elsewhere. 
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The  chief  results  of  this  day's  excursion  were :  First,  the  repetition  of 
many  significant  features  that  had  been  noted  the  day  before  at  Matjes- 
fontein  and  which  were  thus  shown  to  be  of  more  than  local  value :  second, 
the  recognition  of  the  composite  structure  of  the  formation,  indicating  at 
least  two  advances  of  an  aggrading  ice-sheet  into  this  district;  third,  the 
fuller  evidence  of  induration,  deformation,  and  erosion  suffered  by  the 
Dwyka  and  other  formations  of  the  Karroo  series,  from  which  it  is  mani- 
fest that  we  have  here  to  do  with  a  glacial  formation  of  much  greater 
antiquity  than  that  of  Pleistocene  date. 

A  second  excursion  from  Laingsburg,  August  22,  took  us  down  Buffels 
river  (see  figure  2)  to  the  Witt^berg  range,  as  already  described.  A  gen- 
eralized section  some  10  miles  in  length  is  given  in  figure  8,  from  which 
it  appears  that  the  structure  of  the  district  is  characterized  by  many 
strong  east-west  folds,  causing  the  Dwyka  to  reappear  in  successive  out- 
crops along  the  east-west  ridges  and  valleys.     The  southern  continuation 


FiouRi  8. — General  Section  of  folded  \yiUeberg,  Dtcyka,  and  Ecca  Formations,  South  of 

Laingahurff. 

Length  of  section,  about  10  miles.     This  is  the  northern  continuation  of  figure  3. 

of  this  section  is  given  in  figure  3.  We  no  longer  gave  special  attention 
to  the  structure  or  the  composition  of  tillite,  for  a  passing  glance  now 
sujfficed  to  show  that  it  repeated  persistently  all  the  essential  features  pre- 
viously recognized,  and  a  brief  pause  suflBced  to  find  striated  stones  on 
almost  every  tillite  outcrop ;  but  we  examined  the  topographic  features  of 
the  formation  with  some  care,  because  they  sliowed  that  the  subdivisions 
of  the  Dwyka  and  their  conformable  succession  from  the  Witteberg  below 
to  the  Ecca  above,  as  recognized  the  day  before,  were  maintained  for  10 
or  more  miles  along  and  across  the  strike  of  the  ridges.  This  encouraged 
us  to  believe  that  further  exploration  may  enable  South  African  geologists 
to  establish  well  defined  glacial  and  non-glacial  epochs  in  the  Dwyka 
period — an  important  matter  to  which  but  little  attention  seems  to  have 
been  given,  although  Dunn  and  others  have  reported  the  occurrence  of 
alternating  shales  and  tillite  beds  at  various  points.  Some  further  ac- 
count of  the  ridges  of  Witteberg  sandstone  which  rise  to  the  south  of  this 
Dwyka  area  is  given  in  an  earlier  section  of  this  paper. 

The  glaciated  DwyJca  floor  near  Ngotshe,  Vryheit, — Three  members 
of  Rogers*  party,  Coleman  of  Toronto,  Penck  of  Vienna,  and  I,  left  the 
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others  at  Laingsburg  and  went  by  train  via  Johannesburg  to  Vryheit 
( VY,  figure  1)  in  Natal,  to  join  a  party  led  by  Mr  W.  Anderson,  geolo- 
gist of  that  colony,  and  Dr  Q.  A.  F.  Molengraaff,  formerly  geologist  to  the 
South  African  Bepublic.  From  Vryheit  we  drove  some  30  miles  north- 
ward, past  a  dolerite-capped  table  mountain  called  Hloban  (HI,  like  the 
Welsh  LI),  where  General  Buller  some  twenty  years  ago  defeated  the 
Zulus  with  the  aid  of  the  Boers  and  won  the  Victoria  cross;  past  the 
ruined  farm  of  General  Botha,  around  which  the  long  avenues  of  Euca- 
lyptus still  flourish,  to  a  small  inn  on  one  of  the  Emmet  farms,  called 
Waterval.  The  next  day  we  drove  a  dozen  miles  farther  to  a  valley  on 
the  headwaters  of  Pongola  river,  which  flows  down  the  eastward  slope 
where  the  interior  highland  descends  toward  the  Indian  ocean.  There, 
on  August  24,  we  saw  the  horizontal  Dwyka-Ecca  series,  2,000  or  3,000 
feet  thick,  rising  in  a  dolerite-capped  table  mountain  or  plateau  remnant, 
called  Ngotshe  (N,  figure  1;  the  name  begins  with  an  unwritable  Zulu 
"click*'),  and  resting  unconformably  on  a  floor  of  Barberton  beds,  hard 
slates  of  early  Paleozoic  or  older  date,  which  dipped  24  degrees  to  the 
northwest.  This  district  was  explored  by  Molengraaff  in  1897,  when  he 
found  several  highly  significant  contacts  of  the  older  and  younger  forma- 
tions in  certain  dry  ravines  on  the  north  slope  of  the  Ngotshe  mass ;  it 
was  one  of  these  contact  localities  that  we  came  to  see. 

The  Dwyka  is  here  closely  packed  on  an  uneven  surface  of  Barberton 
beds,  which  are  beautifully  rounded,  grooved,  and  striated — in  a  word, 
well  glaciated.  Sometimes  a  ledge  of  the  scoured  and  striated  surface 
overhangs  by  a  small  amount ;  the  Dwyka  is  then  packed  in  beneath  such 
a  projection.  The  ravine  that  we  followed  gave  excellent  sections  of  the 
tillite,  as  in  plate  51,  figure  2,  and  often  exposed  the  underlying  Bar- 
berton surface  with  more  or  less  distinct  grooving  and  striation,  and  with 
more  or  less  Dwyka  tillite  (plate  53,  figures  1  and  2)  resting  on  it,  for  a 
quarter  of  a  mile  or  more.  The  grooves  and  striations  on  the  Barberton 
hold  their  courses  unchanged  as  they  pass  under  the  tillite  cover,  remind- 
ing one  of  the  manner  in  which  the  wheel  tracks  in  the  Roman  forum 
pass  straight  under  the  cover  of  detritus  at  the  side  of  the  modem  excava- 
tion. The  relief  of  the  Barberton  surface  seemed  to  be  of  moderate 
measure  in  this  immediate  locality,  probably  not  more  than  20  or  30  feet 
in  the  dry  ravine  that  we  followed;  but  the  relief  of  the  present  surface 
is  to  be  measured  in  thousands  of  feet,  from  the  dolerite-capped  rem- 
nants of  the  plateau  of  the  horizontal  Karroo  series  to  the  bottoms  of  the 
larger  valleys,  deep  cut  in  the  ancient  Barberton  slates. 

The  Dwyka  itself  repeated  all  the  features  previously  noted.  A  finely 
striated  6-foot  boulder,  with  PencFs  half-meter  hammer  handle  lying 
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on  it,  is  shown  in  plate  52,  figure  2.  The  largest  boulder  that  we  saw 
here  was  a  block  of  Barberton  slate  6  feet  through.  All  the  significant 
facts  noted  here — ^the  rounding  and  striation  of  the  older  rock  floor,  the 
unstratified  structure  of  the  Dwyka,  the  varied  composition  of  the  in- 
cluded fragments,  large  and  small,  their  subangular  form  and  fre- 
quently scratched  surfaces — are  absolutely  typical  of  strong  glacial  action. 

A  special  interest  attaches  to  the  direction  of  ice-movement  as  recorded 
in  the  grooving  and  striation  of  the  Barberton  slates.  The  alignment, 
roughly  north  and  south,  is  manifest  at  a  glance.  After  careful  inspection 
of  several  localities  we  came  unanimously  to  the  conclusion  that  the  mo- 
tion of  the  ice-sheet  had  been  southward.  The  true  bearing  of  the 
striations  was  south  25  degrees  east.  As  will  be  seen  later,  this  agrees  in 
a  general  way  with  the  direction  of  ice-motion  determined  at  a  number 
of  other  locailties,  and  thus  indicates  one  of  the  most  extraordinary  pecu- 
liarities of  the  South  African  Permian  glaciation — the  ice-sheet  in  lati- 
tude 27  moved  from  the  region  of  the  equator  toward  the  region  of  the 
pole. 

We  followed  up  one  of  the  larger  ravines  southward  along  the  west 
base  of  Ngotshe  mountain  and  ascended  through  the  whole  thickness  of 
the  Dwyka  formation — ^the  greater  part  of  1,000  feet,  as  I  estimated  it — 
to  the  lower  members  of  the  overlying  Ecca.  The  division  between  the 
two  formations  was  drawn  where  the  shales  or  sandstones  begin  to  be  free 
from  included  stones.  The  Dwyka  is  shown  to  consist  of  several  sub- 
divisions of  stronger  and  weaker  members  by  the  occurrence  of  well  de- 
fined benches,  scarps,  and  slopes  that  contour  about  horizontally  around 
the  hillsides.  Some  of  the  weaker  members  were  stratified,  as  they  were 
at  Laingsburg,  but  their  sequence  seemed  to  include  a  greater  numlxjr  of 
alternations  of  tillite  and  shales  here  than  there,  especially  near  the  upper 
part  of  the  formation.  The  overlying  Ecca  followed  in  perfect  conform- 
ity, as  far  as  we  could  see.  It  contains  a  good  seam  of  coal  several  hun- 
dred feet  above  the  Dwyka ;  it  is  capped  at  the  top  of  the  moimtain  with  a 
sheet  of  dolerite,  as  is  so  often  the  case  in  the  strongly  dissected  belt  of 
country  where  the  eastward  descent  is  made  from  the  plateau  of  the  High 
Veld  to  the  coastal  lowlands. 

This  fourth  day  on  the  Dwyka  was  most  instructive  from  the  contrast 
presented  by  the  unconformable  succession  of  the  tillite  on  the  glaciated 
Barberton  surface  shown  here  and  the  conformable  succession  of  the 
Dwyka  members  on  the  Witteberg  shales  shown  near  Laingsburg.  The 
contrast  is  the  same  as  that  which  is  presented  between  the  glacial 
features  of  the  Laurentian  region  of  Canada  and  of  the  northern  United 
States,  or  between  those  of  Scandinavia  and  northern  Germany,  and  this 
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contrast  Btrongly  confirms  the  inference  as  to  the  direction  of  ice-motion, 
as  based  on  the  form  of  the  glaciated  floor.  We  returned  to  Vryheit  on 
August  27  and  to  Johannesburg  on  August  28. 

The  Dtcyka  at  Vereeniging. — ^During  the  stay  of  the  Association  at 
Johannesbui^^  Penck  and  I  had,  through  the  courtesy  of  Dr  F.  H.  Hatch, 
president  of  the  Geological  Society  of  South  Africa,  a  most  interesting 
morning  excursion  on  September  1  at  Vereeniging,  where  the  main  line 
of  the  Cape  Town-Johannesburg  railway  crosses  the  Vaal  river.    Half  a 
mile  northeast  of  the  railway  bridge  there  is  an  important  section  (figure 
^y  exposed  in  the  river  bank,  which  we  saw  very  well  as  the  river  was 
low  at  the  time  of  our  visit.     A  small  patch  of  Dwyka  is  here  exposed, 
H'ith  a  thickness  of  15  or  20  feet^  resting  unconformably  on  a  local  out- 
crop of  the  dolomite  of  the  ancient  Pretoria  series  and  covered  by  the 
horizontal  coal-bearing  Ecca  beds,  which  occupy  most  of  the  country  here- 
about.   We  could  not  find  any  striation  or  grooving  on  the  underlying 
rJolomite,  but  it  is  very  probable  that  further  search  will  be  more  success- 
ful than  ours.     The  Dwyka  had  numerous  stones  and  boulders,  up  to 


Figure  9. — Local  Section  on  the  Bank  of  the  Vaal  Riter  at  YweeniQiug,  Tranwaal, 

Dolomite  on  the  left ;  Dwyka  lUlite  In  center ;  coal,  conglomerate,  and  shale  of  the  Ecca 
series  on  right     Length,  about  400  feet. 

4  feet  in  diameter,  nuiny  of  them  well  scratched.     In  its  upper  part  was 
a  layer  of  sandstone,  dipping  northeast  15  or  20  degrees.     The  contact 
of  the  Ecca  on  the  Dwyka  was  not  seen,  but  the  relative  attitude  of  the 
two  formations  suggested  a  slight  unconformity,  possibly  due  to  the  orig- 
inally uneven  or  sloping  surface  of  the  Dwyka  rather  than  to  any  signifi- 
cant amount  of  deformation  or  erosion.     The  Ecca  included  a  thin  layer 
of  coal  covered  with  two  feet  of  ordinary  conglomerate  of  waterworn 
pebbles,  followed  by  shales  and  sandstones.     It  should  be  mentioned  that 
this  and  other  conglomerates  in  the  Ecca  have  been  described  as  **Dwyka" 
by  some  observers,  thus  giving  rise  to  the  opinion  that  coal  beds  and 
glacial  deposits  alternated  in  this  district.     Such  a  conclusion  did  not 
se^ux  to  us  well  founded.     It  is  quite  possible  that  the  pebbles  in  this  bed 
of    Ecca  conglomerate  came  from  the  Dwyka  sheet  near  by,  but  there 
appears  to  be  no  other  relation  than  that  between  them.     The  use  of  the 
term  "conglomerate'^  as  a  name  for  the  unstratified  sheets  of  Dwyka,  with 
their  blunt-ended,  scratched  stones,  as  well  as  for  the  layers  of  normally 
-waterworn  pebble  beds  in  the  Ecca  and  other  formations,  may  have  con- 
tributed to  the  misunderstanding  whereby  glacial  action  and  coal  forma- 
XXXVI— BOLU  QnoL.  See.  Am.,  Vol.  17,  1006 
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tion  were  so  closely  associated,  and  for  this  reason,  if  for  no  other,  the 
introduction  of  the  new  term  "tillite,"  as  suggested  by  Penck  at  the  Jo- 
hannesburg meeting  of  the  Geological  Section  of  the  Association,  seems 
desirable. 

The  general  relations  of  local  outcrops  at  Vereeniging  .to  the  older 
formations  as  far  as  Johannesburg  are  roughly  shown  in  figure  10,  drawn 
with  aid  from  Doctor  Hatch.  In  this  connection  Hatch's  Geological  Map 
of  the  Transvaal,  in  Hatch  and  Corstorphine's  book,  should  be  consulted. 
It  is  thus  seen  that  the  Karroo  system,  in  which  the  Dwyka  and  Ecca 
formations  are  the  lower  members,  is  the  latest  of  five  great  geological 
systems  separated  from  one  another  by  unconformities  (undulating  lines 
in  figure  10).  Crystalline  rocks,  believed  to  be  Archean,  form  the  base 
-  of  the  section  north  of  Johannesburg.  On  these  lie  the  strata  of  the  Wit- 
watersrand  system,  with  a  lower  member  including  the  banded  jaspers  of 
the  Hospital  Hill  series,  which  resemble  similar  rocks  in  the  region  of 


FiQL'BB  10. — Oeneral  B&^tion  from  Johannesburg  to  Vereeniging. 

J,  Jobanneftburg ;  V,  VereeDlglnK;  Cr,  basiil  cryHtaUine  rocks,  exposed  north  of  Jo> 
bannesburg;  HH,  Hospital  IIIU  series,  the  lower  part  of  the  Witwatersrand  (W)  system, 
in  which  the  gold-bearing  **banket"  or  puddlngstone  occurs;  KA,  Kllprlversberg  amyg- 
daloid, of  the  Ventersdorp  system ;  B,  Black  Reef  quartslte.  Do,  Dolomite,  and  P,  Pre- 
toria quartzites,  these  three  forming  the  Pretoria  or  Potchefstroom  system ;  Ko,  Karroo 
system,  here  Including  the  Dwyka  tillite  and  the  Ecca  shales. 

lake  Superior,  and  an  upper  member  including  the  famous  gold-bearing 
Banket  or  "puddingstone"  of  the  Rand.  Xext  comes  the  Ventersdorp 
system,  here  chiefly  composed  of  the  volcanic  rocks  of  the  Klipriversberg 
amygdaloid.  Then  follows  the  several  members  of  the  Potchefstroom 
system  (according  to  the  terminology  of  the  authors  above  cited),  first  the 
Black  Beef  quartzite,  here  unusually  thin  and  unimportant  topographic- 
ally; then  the  heavy  dolomites,  from  which  the  water  supply  for  Jo- 
hannesburg is  largely  derived;  and  last  the  Pretoria  quartzites.  The 
unconformities  below  and  above  the  Ventersdorp  system  are  not  marked 
by  striking  differences  of  dip;  the  unconformity  by  which  the  Karroo 
system  is  separated  from  all  the  older  rocks  is  much  more  pronounced. 
These  structural  features  will  be  seen  to  be  of  importance  when  the 
topography  of  Dwyka  time  is  considered  in  a  later  paragraph. 

A  mile  or  two  northeast  of  Vereeniging  the  Sugarbush  branch  of  the 
Vaal  river  opens  a  short  section  with  Klipriversberg  amygdaloid  at  the 
base,  unconformably  covered  by  Black  Beef  quartzite  and  its  associated 
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dolomite,  and  these  followed  uneonformably  by  the  Dwyka — ^all  as  iden- 
tified by  Doctor  Hatch — ^while  the  Ecca  strata  are  not  far  away.  It  id 
thus  seen  that  the  streams  hereabout  are  cutting  through  the  general 
cover  of  Dwyka  and  Ecca  and  making  a  beginning  of  superposition  on 
the  uneonformably  underlying  formations.  This  process  has  apparently 
Ijeen  advanced  to  a  later  stage  some  40  miles  farther  south,  where  the 
Vaal  river  wanders  most  irregularly  on  a  tilted  series  of  older  formations, 
the  Karroo  beds  that  once  presumably  covered  the  older  rocks  in  that 
district  having  been  widely  worn  off. 

The  coal  seams  of  the  Ecca  are  extensively  mined  at  and  near  Vereeni- 
ging;  one  of  the  fine  grained  Ecca  sandstones  is  quarried  for  building 
stone  and  is  found  to  contain  good  prints  of  ferns  (Glossopteris).  A 
shaft  is  sunk  in  the  Dwyka,  and  the  clay  of  the  tillite,  here  light  bluish 
gray  and  imperfectly  indurated,  is  brought  up  for  use  in  making  fire- 
brick. The  waste  heaps  near  the  shaft  contain  many  beautifully  striated 
stones  of  typical  glacial  form. 

The  chief  result  of  this  day's  excursion  was  the  larger  view  that  we 
gained  of  the  pre-Dwyka  conditions  in  the  northern  part  of  the  Dwyka 
area.  The  harder  members  of  the  Pretoria  series  northwest  of  Vereeni- 
ging  rise  in  rounded  hills  300  or  400  feet  over  the  peneplain — one  might 
well  say  plain — of  erosion  that  has  been  broadly  developed  on  the  weaker 
beds  of  the  Karroo  series.  A  stronger  relief  than  this  must  have  pre- 
vailed when  the  Dwyka  was  forming,  for  the  hills  lost  some  of  their  orig- 
inal height  during  the  accumulation  of  the  later  members  of  the  heavy 
Karroo  series,  which  probably  once  rose  hundreds  of  feet  above  the  present 
plain,  as  well  as  during  the  subrecent  removal  of  these  higher  members ; 
and,  moreover,  the  base  of  the  pre-Dwyka  hills  is  not  now  seen,  being 
buried  under  so  much  of  the  Karroo  series  as  still  remains.  Yet  the 
manner  in  wliich  the  pre-Dwyka  hilltops  come  to  sight  where  the  streams 
cut  through  their  Karroo  cover  suggests  very  strongly  that  the  pre-Dwyka 
relief  was  of  rather  well  subdued  form.  This  is  a  matter  of  interest  as 
bearing  on  the  climatic  conditions  under  which  the  Dwyka  ice-sheet  was 
formed. 

The  glaciated  Dwyka  floor  at  Riverton  and  Kimberley. — My  last  sight 
of  the  Dwyka  was  in  an  excursion  energetically  planned  by  Penck  for  a 
small  party  to  Riverton,  on  the  Vaal  river,  about  15  miles  northward 
from  Kimberley.  The  heavy  diabase  of  one  of  the  pre-Karroo  formations 
here  appears  along  the  river  bank  and  in  a  small  island  within  the  chan- 
nel, showing  a  well  rounded,  grooved,  and  striated  surface,  with  patches 
of  typical  Dwyka  still  clinging  to  it  here  and  there.  This  important 
locality  was  first  discovered  by  Stow  in  1880.    I  estimated  that  we  could 
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here  see  some  20,000  square  feet  of  distinctly  rounded  and  grooved,  but 
somewhat  weathered,  rock  surface;  tliat  at  least  1,000  square  feet  of  this 
still  preserved  distinct  striations  of  characteristic  glacial  quality,  and  that 
the  scattered  remnants  of  Dwyka  occupied  a  few  hundred  square  feet. 
The  general  relief  of  the  surface  was  small.  The  direction  of  ice-motion 
here  indicated  was  to  the  southwest.  Still  better  exposures  of  this  kind 
occur  half  a  mile  farther  up  the  river,  where  the  remarkable  views  repro- 
duced in  plate  54,  figures  1  and  2,  were  taken  and  sent  to  me  by  the 
kindness  of  Professor  R.  B.  Young,  of  the  Technical  Institute,  Johannes- 
burg, whom  we  had  the  good  fortune  to  meet  at  Eiverton.  It  may  be 
added  that  two  of  our  party,  Mr  Lamplugh,  of  the  British  Geological 
Survey,  and  Doctor  Beck,  of  Freiberg,  reported  that  they  had  seen  the 
Dwyka  on  a  striated  surface  of  older  rock  in  the  great  open  pit  of  the 
Kimberley  mine  at  Kimberley.  The  upper  part  of  the  pit,  perhaps  a 
quarter  of  a  mile  in  diameter,  has  sloping  sides  in  the  weaker  beds  of  tlie 
Karroo  series  for  some  300  or  400  feet ;  the  walls  then  go  down  vertically 
out  of  sight  from  the  surface  for  1,000  feet  in  the  harder  older  rocks, 
thus  indicating  the  form  of  this  extraordinary  "pipe*'  of  *^lue  ground,'* 
the  matrix  of  the  Kimberley  diamonds.  It  is  at  the  change  from  the 
sloping  to  the  vertical  wall  that  the  Dwyka  is  seen.  We  were  told  that 
it  may  be  examined  by  following  the  galleries  that  are  opened  there  to  in- 
tercept the  ground  water  from  the  overlying  beds.  The  striated  surface 
on  which  it  rests  was  reported  to  be  diabase  similar  to  that  which  we  saw 
at  Kiverton.  The  general  form  of  the  glaciated  surface  was  nearly  level, 
as  judged  from  the  form  of  the  pit  when  seen  from  the  surface.  When 
this  is  taken  in  connection  with  what  we  saw  at  Riverton,  it  confirms  very 
well  the  conclusion  reached  before  as  to  the  small  relief  of  the  floor  on 
which  the  Dwyka  rests. 

Glaciated  Dwyka  floors  elsewhere. — Other  accounts  of  the  striated  rock 
floor  under  the  Dwyka  have  been  published  as  follows :  There  are  well  stri- 
ated quartzites  with  striations  bearing  south  10  degrees  west  near  Prieska, 
on  the  Orange  river,  in  Cape  Colony,  first  recognized  by  Stow  (about 
longitude  23  degrees  east;  see  p,  figure  1)  and  recently  described  by 
Rogers  (pages  155,  15J),  plates  viii  and  ix).  Striations  bearing  south,  mag- 
netic, have  been  found  on  the  Waterberg  sandstones  near  Balmoral,  east  of 
Pretoria,  in  the  Transvaal  (about  longitude  28V^  degrees  east;  see  b,  fig- 
ure 1).  These  are  described  by  Mellor,  who  adds  that  the  northernmost 
areas  of  the  Dwyka  are  nearly  in  latitude  24i/^  degrees  (pages  117,  118)  ; 
also  by  Hatch  and  Corstorphine  (page  209,  figure  50).  Striations  bearing 
about  east  and  west,  the  direction  of  ice-movement  not  being  specified, 
occur  on  the  Tugela  river  in  Natal  (about  longitude  31^^  degrees  east; 
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see  t,  figure  1),  and  are  described  by  Anderson  {a,  page  89) ;  and  on 
the  TJmfolosi  river,  direction  not  specified  (about  longitude  31^  degrees 
east;  see  u,  figure  1),  also  described  by  Anderson  {b,  page  60).  In 
the  latter  report  the  Dwyka  is  referred  to  as  the  "glacial  Ecca  conglom- 
erate," a  change  of  name  which  seems  to  me  regrettable,  in  view  of  the 
wide  use  already  gained  by  the  term  Dwyka. 

Neariy  all  the  reported  observations  are  thus  seen  to  confirm  the  general 
southward  motion  of  the  Dwyka  ice-sheet,  and  to  indicate  that  it  spread 
southeast,  south,  and  southwest  in  a  radiating  fashion  from  a  central  area 
inferably  situated  farther  north,  but  not  yet  detennined  by  observation. 
The  moderate  relief  of  the  pre-Dwyka  surface  inferred  from  the  ob- 
servations here  detailed  is  confirmed  by  the  accounts  given  by  Kogers  and 
IVfellor  above  cited,  and  also  in  various  geological  sections  published  by 
mining  engineers,  as  the  result  of  surface  observations  supplemented  by 
borings  in  the  search  for  coal  .beds  in  the  covering  strata  or  for  the  gold- 
bearing  Banket  in  the  underiying  strata.  Anderson's  reports  indicate  a 
stronger  relief  for  the  pre-Dwyka  surface  near  the  coast  in  Natal  than 
appears  to  prevail  in  the  interior. 

SUMMARY  CONCERNINO  THE  DWYKA  FORMATION 

In  view  of  all  the  foregoing  it  may  be  concluded  that  there  is  at  present 
no  evidence  whatever  that  the  Dwyka  ice  had  the  form  of  Alpine  glaciers. 
All  reported  observations  indicate  that  it  was  a  broad  and  continuous  ice- 
sheet  which  spread  across  about  600  miles  of  country,  east  and  west,  and 
which  advanced  at  least  500  miles  poleward  from  its  apparent  source.  It 
moved  across  a  region  which  bore  subdued  mountains  here  and  there,  but 
which  was  reduced  to  moderate  relief  bv  previous  erosion  over  large  areas. 
It  seems  to  have  invaded  a  water-covered  area  along  its  southern  margin  in 
latitude  3314  degrees  south.  In  the  marginal  area  at  least  the  ice  advanced 
more  than  once,  and  after  its  final  recession  a  climate  ensued  so  favorable 
to  ])lant  life  that  a  number  of  coal  beds  were  formed  in  the  Ecca  seriiw 
which  overlies  the  glacial  deposits.  It  is  noteworthy  that  demonstrably 
marine  deposits  arc  nowhere  associated  with  the  Dwyka,  not  even  in 
Natal  and  eastern  (^ape  Colony,  where  the  Dwyka  tillite  repeatedly  reaches 
the  shore  of  the  Indian  ocean. 

While  much  has  already  been  learned,  much  yet  remains  to  be  learned 
regarding  this  remarkable  formation,  particularly  regarding  certain 
features  which  are  now  well  known  in  association  with  the  till  sheets  of 
other  glaciated  areas.  In  the  central  parts  of  such  areas  stratified  gravel 
deposits  of  irregular  structure  and  form  are  commonly  found  on  the  un- 
stratified  till  or  on  the  glaciated  rock  surface,  but  no  sucii  gravels  are 
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yet  reported  in  connection  with  the  northern  part  of  the  Dwyka  tillite  in 
the  Transvaal.  In  the  peripheral  parts  of  other  glaciated  areas  terminal 
moraines  and  overwashed  gravels  are  found  bordering  the  till  sheets, 
but  no  such  accumulations  are  yet  reported  from  the  southern  part  of  the 
Dwyka  in  Cape  Colony.  It  is  possible  that  a  search  \fith  these  matters 
in  mind  might  aid  in  their  discovery. 

The  climatic  conditions  under  which  the  Dwyka  ice-sheet  was  formed 
offer  a  most  interesting  subject  for  inquiry.  The  chief  factors  to  be  con- 
sidered in  this  connection  are :  Altitude  of  the  Dwyka  land  surface  above 
the  sealevel  of  its  time ;  distance  from  the  continental  margin,  as  the  con- 
tinent was  then  shaped ;  form  of  the  Dwyka  area  and  its  relation  to  neigh- 
boring mountains  and  highlands  of  Permian  time;  various  atmospheric 
factors,  such  as  composition,  temperature,  and  circulation ;  certain  astro- 
nomical factors;  and  the  latitude  of  the  glaciated  area,  as  latitude  was 
then  arranged. 

THB  TOPOGRAPHY  OF  SOUTH  AFRICA  IN  DW7KA  TIME 

Evidence  has  already  been  given  to  the  effect  that  the  floor  on  which 
the  Dwyka  rests  had  been  extensively  eroded  and  reduced  to  moderate  or 
small  relief  in  pre-Dwyka  time.  If  the  region  then  drained  into  the  sea, 
and  if  it  were  not  farther  from  the  coast  than  it  is  today,  it  must  have 
been  a  lowland,  for  only  as  a  lowland  could  it  have  been  eroded  to  small 
relief.  If  the  Dwyka  region  had  been  of  interior  drainage  in  pre-Dwyka 
time  it  might  have  stood  as  high  or  higher  than  it  does  now ;  but  in  that 
case  it  must  have  been  better  inclosed  from  the  ocean  than  it  is  at  present. 
Such  inclosure  would  have  required  an  extension  of  the  continent,  partic- 
ularly on  the  east  and  south,  where  the  Dwyka  now  reaches  or  approaches 
the  present  coastline,  and  as  a  consequence  of  such  continental  extension 
the  Dwyka  area  would  have  probably  been  drier  than  it  is  today. 

As  between  the  two  suppositions  of  a  lowland  draining  to  the  sea  and 
an  interior  plateau,  the  occurrence  of  marine  (Devonian)  fossils  in  the 
Bokkeveld  series,  2^600  feet  or  more  below  the  basal  members  of  the 
Dwyka  in  the  Karroo  district,  is  in  favor  of  the  former;  for  the  Bokke- 
veld, Witteberg,  and  Dwyka  series  are  conformable  there,  and  the  transi- 
tion from  the  marine  conditions  of  the  first  to  the  glacial  conditions  of 
the  last,  while  all  three  formations  still  lay  horizontal,  and  while  deposi- 
tion continued  without  interruption,  can  hardly  have  involved  great 
changes  of  continental  altitude. 

There  do  not  appear  to  have  been  any  mountains  during  Permian  time 
in  the  parts  of  South  Africa  here  under  consideration.  The  many  east 
and  west  ranges  along  the  southern  border  of  Cape  Colony  had  not  then 
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been  created,  for  the  folding  that  produced  them  included  the  Dwyka 
along  with  the  earlier  rock  series.  The  mountains  of  much  earlier  forma- 
tion, indicated  by  the  deformation  of  the  Pretoria  (Potchetstroom)  sys- 
tem in  the  Transvaal,  had,  as  already  shown,  been  nearly  obliterated  be- 
fore Dwyka  time  opened.  Not  only  so;  the  subdued  remains  of  these 
earlier  mountains  had  been  extensively  covered  witli  the  barren  Water- 
berg  sandstones  (the  supposed  northern  equivalent  of  tlie  Table  Moun- 
tain sandstones)  in  the  northern  Transvaal  before  Dwyka  time  opened, 
and  the  horizontal  attitude  still,  as  a  rule,  preserved  by  the  Waterberg 
series  north  of  the  Dwyka  area  (see  Hatch  and  Corstorphine,  pages  180- 
182),  demonstrates  that  no  renewal  of  mountain-making  deformation  had 
taken  place  in  that  neighborhood — the  apparent  source  of  the  Dwyka 
ice — ^before  the  ice-sheet  was  formed.  The  observations  of  Bernhardt 
(460)  in  German  East  Africa  and  of  Passarge  (594)  in  the  Kalahari 
point  to  the  same  conclusion.  Uplifted  areas  there  must  have  been, 
however,  somewhere  in  South  zVfrica  tlien  or  soon  afterward,  in  order 
to  provide  the  great  bodies  of  sediment  deposited  in  the  heavy  Karroo 
series. 

CLIMATIC  CONDITIOyS  OF  DWYKA    TIME 

Change  of  temperature, — If  it  has  been  correctly  inferred  that  the 
Dwyka  area  and  the  area  next  north  of  it  was  a  region  of  moderate  alti- 
tude and  on  the  whole  of  moderate  relief  in  Dwyka  time,  and  that  it  occu- 
pied then,  as  now,  a  latitude  only  a  few  degrees  outside  of  the  torrid  zone, 
it  follows  that  the  cause  of  the  Dwyka  ice-sheet  must  be  searched  for  in  a 
«:eneral  lowering  of  terrestrial  temperatures.  In  no  other  way  can  a 
sufficient  snowy  precipitation  on  a  lowland  in  latitude  25  degrees  be  pro- 
duced.    The  reasons  that  lead  to  this  conclusion  are  as  follows. 

The  Dwyka  area  today  occupies  the  outer  part  of  the  southern  trade 
wind  l)elt.  It  is  not  reached  by  the  winter  rains  of  the  southern  sub- 
tropical belt,  which  do  not  extend  farther  than  the  southern  coastal  border 
of  Cape  Colony.  The  interior  receives  its  rainfall  chiefly  from  disturb- 
ances in  the  trade  wind  belt  during  the  summer  seas<m.  The  winters 
there  are  prevailingly  clear  and  dry,  because  of  the  presence  of  a  seasonal 
area  of  high  pressure,  shown  in  Bartholemew's  Meteorological  Atlas  as  a 
part  of  the  southern  belt  of  high  pressure  that  encircles  the  world,  in- 
tensified over  the  land  areas  in  the  colder  season.  This  is  an  extremely 
important  point  in  connection  with  the  study  of  Permian  climatic  condi- 
tions, for  it  shows  that  the  dryness  of  the  winters  and  the  rains  of  the 
summers  are  inseparably  asscx-iated  with  persistent  elements  of  the  terres- 
trial wind  system.     There  appears  to  be  no  means  of  modifying  this  ar- 
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rangement  of  the  seasonal  rainfall,  so  long  as  the  zones  have  their  present 
positions;  and  herein  lies  one  of  the  most  peculiar  as  well  as  one  of  the 
most  difficult  elements  of  the  Dwyka  problem.  The  Pleistocene  ice- 
sheets  of  northeastern  America  and  northwestern  Europe  are  sufficiently 
explained  by  a  moderate  intensification  of  the  present  winters.  Recent 
studies  of  Alpine  glaciation  show  that  it  can  be  accounted  for  by 
a  lowering  of  the  snowline  such  as  would  result  from  a  reduction  of  the 
mean  annual  temperature  by  a  few  degrees  centigrade.  The  Dwyka 
glaciation  is  peculiar  in  that  an  intensification  of  its  winter  climate  would 
leave  its  area  free  from  ice.  It  is  the  summers  of  the  Dwyka  area  that 
must  be  made  indntry  before  an  ice-sheet  can  be  provided;  and  then  a 
still  colder  winter,  dry  and  clear,  would  intervene  between  the  snowy 
summers.  This  may  perhaps  be  made  plainer  by  considering  in  some 
detail  various  possible  changes  of  factors  which  affect  climate,  such  as 
land  area,  land  form,  ocean  currents,  and  seasonal  migration  of  the  wind 
belts,  in  order  to  determine  whether  any  other  change  than  general  re- 
frigeration would  effect  the  desired  result.  It  should  be  remembered  that 
under  the  last  of  the  headings  here  named  it  is  not  admissible  to  shift 
the  various  belts  of  the  terrestrial  wind  system  arbitrarily,  for  they  are 
known  to  be  intimately  dependent  on  the  path  of  the  equator  and  on  the 
position  of  the  poles.  It  is  no  more  reasonable  to  postulate  an  arbitrary 
change  in  the  position  of  subtropical  belts  by  which  the  winter  rains  are 
furnished  to  the  southern  coastal  border  of  Cape  Colony  than  arbitrarily 
to  tilt  the  axis  of  the  earth  into  a  new  geographical  position.  The  ques- 
tion is,  then,  to  learn  whether  any  change  in  the  lands,  currents,  or  winds, 
independent  of  changes  in  the  intenwty  of  insolation  or  in  the  composi- 
tion of  the  atmosphere,  would  produce  snowfall  in  the  Dwyka  area. 

Changes  of  land  area  and  form, — If  South  Africa  had  been  somewhat 
larger  in  Permian  time,  the  trade  winds  would  have  been  all  the  better 
established ;  for  the  greater  the  area  of  an  equatorial  continent  the  higher 
the  temperature  of  its  equatorial  belt  and  the  stronger  the  indraft  of  the 
trade  winds.  On  the  other  hand,  the  larger  the  land  area  of  a  trade  wind 
region,  the  drier  it  will  be,  provided  its  altitude  is  low.  There  would 
probably,  however,  be  an  increased  migration  of  the  heat  equator  on  an 
enlarged  continent ;  but  this  could  only  bring  warm  summer  rains  toward 
the  Dwyka  area.  It  is  quite  possible  that,  if  equatorial  Africa  were  sub- 
merged while  South  Africa  were  enlarged,  extensive  monsoons  would  be 
established  and  the  equatorial  rains  might  be  carried  20  or  30  degrees 
south  of  the  equator,  for  they  are  carried  some  such  distance  north  of  the 
equator  in  India;  but,  in  order  that  snow  should  be  gathered  under  the 
south-shifting  equatorial  cloud  belt  with  the  present  distribution  of  mean 
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temperatures,  nothing  less  than  a  lofty  mountain  range,  like  the  Hima- 
laya, would  suffice;  and  even  then  it  would  be  impossible  to  produce  an 
ice-sheet  on  the  polar  side  of  the  range.  Indeed,  imder  existing  conditions 
as  to  mean  annual  temperatures,  no  imaginable  mountain  range  in  lati- 
tude 25  degrees  south  could  gather  snowfall  of  suflScient  amount  to  form 
on  its  polar  side  a  piedmont  ice-sheet  that  would  move  600  miles  across  a 
lower  land  to  latitude  33  or  34  degrees.  A  heavy  snowfall  on  the  polar 
side  of  such  a  mountain  range  could  be  supplied  only  by  the  trade  winds, 
which  would  ascend  the  poleward  mountain  slope;  but  the  heavy  rains 
that  such  winds  would  give  forth  at  moderate  altitudes,  before  their  tem- 
perature was  reduced  to  the  freezing  point,  would  effectually  melt  the 
ice  that  might  descend  from  the  higher  levels  at  which  snow  would  be 
formed.  There  is  little  assistance  gained  by  postulating  great  highlands 
for  the  entire  Dwyka  area;  for,  apart  from  the  strong  improbability  of 
their  occurrence,  as  already  indicated,  the  precipitation  on  them  in 
trade  wind  latitudes  would  take  place  chiefly  around  their  bordering 
slopes,  while  the  highland  areas  would  be  left  comparatively  dry,  even 
though  they  were  cold.  Changes  of  land  area  or  land  form  therefore 
appear  to  be  ineffectual  in  producing  a  glacial  climate  in  subtropical 
South  Africa. 

Ocean  currents. — No  conceivable  arrangement  of  continents  and  ocean 
currents  could  produce  an  abundant  snowfall  in  latitude  25  degrees,  so 
long  as  the  general  temperature  of  the  atmosphere  preserved  its  present 
values.  Even  if  both  Permian  Africa  and  Permian  Australia  reached 
farther  south  than  present  South  America  and  diverted  toward  the  equa- 
tor a  greater  body  of  colder  water  than  now  flows  equatorward  in  the 
Peruvian  or  Humboldt  current,  such  currents  would  not  alone  cause  the 
•  trade  winds  to  precipitate  snow  over  a  lowland  in  latitude  25  degrees.  It 
must  be  remembered  that,  however  cold  the  poles,  the  ocean  currents 
moving  toward  the  equator  could  not  be  colder  than  28  or  30  degrees 
Fahrenheit  at  their  source,  and  that  they  muvst  under  existing  conditions 
as  to  sunshine  rise  in  temperature  30  or  more  degrees  on  tlieir  way  to 
the  equator.  So  far  as  a  cold  current  in  the  Atlantic  west  of  Permian 
Africa  is  concerned,  its  effect  on  the  trade  wind  belt  of  southeastern 
Africa  would  be  practically  nothing,  because  the  current  would  be  far 
down  the  wind,  or  to  leeward.  So  far  as  a  cold  current  in  the  Indian 
cx;ean  west  of  Australia  is  concerned,  it  would  have  gained  a  temperature 
of  at  least  60  degrees,  more  likely  70  degrees,  on  reaching  the  equator;  it 
would  be  warmed  to  a  somewhat  higher  temperature  as  it  flowed  west- 
ward along  the  equator,  and  it  therefore  could  not  produce  a  very  low 
temperature  when  returning  poleward  along  the  east  side  of  Africa.     A 
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cold  current  running  equatorward  along  the  east  coast  of  Permian  Africa 
in  lower  latitudes  than  40  degrees  is  hardly  conceivable.  It  may  be 
barely  possible  that  such  a  current  existed  in  Permian  times,  but  it  has 
no  analogue  in  the  present  arrangement  of  ocean  currents. 

The  subtropical  heJt. — The  occurrence  at  present  of  winter  drouglits 
and  summer  rains  over  the  Dwyka  area  is  so  unfavorable  a  condition  for 
glaciation  that  it  is  necessary  to  inquire  whether  winter  precipitation 
miglit  occur  there  under  any  admissible  conditions.  The  only  reasonable 
scheme  for  producing  such  a  result  involves  an  increased  migration  of  the 
subtropical  belt,  such  as  may  be  brought  about  by  increasing  the  contrast 
of  equatorial  and  polar  temperatures  in  the  winter  hemisphere.  There 
are  two  unlike  conditions  from  which  such  an  increased  contrast  might 
follow:  One  involves  a  persistently  greater  warming  of  the  equator  by 
sunshine  or  a  greater  cooling  of  the  poles  by  radiation.  As  a  conse- 
quence, the  general  circulation  would  be  strengthened  all  the  year  round, 
and  the  subtropical  belt  in  the  winter  hemisphere  would  be  driven  farther 
toward  the  equator;  and  in  this  way  the  winter  precipitation,  which  now 
reaches  only  the  southern  extremity  of  Africa^  might  advance  over  the 
interior.  Yet  even  under  extreme  conditions  of  this  kind  it  is  doubtful 
whether  the  subtropical  belt  could  be  thus  driven  ten  degrees  of  latitude 
nearer  the  equator  than  it  now  reaches;  and  furthermore  it  is  manifest 
that,  if  it  were  so  driven,  there  would  still  be  the  warmth  of  summer  and 
its  rainy  precipitation  to  melt  the  winter  snows;  hence  it  is  not  likely 
that  effective  assistance  in  the  production  of  the  Dwyka  ice-sheet  can  be 
tfius  afforded. 

The  second  possible  condition  involves  an  increased  eccentricity  of 
the  earth's  orbit,  with  the  southern  winter  in  aphelion.  An  increasetl 
contrast  between  equatorial  and  south  polar  temperatures  in  winter  would 
then  be  brought  about  by  a  fall  in  the  temperature  of  the  Antarctic  re- 
gions. The  general  circumpolar  circulation  of  the  atmosphere  in  the 
southern  hemisphere  would  consequently  ]ye  strengthened  during  the  long 
severe  winter,  the  subtropical  belt  would  be  thereby  driven  farther  toward 
the  equator,  and  the  precipitation  from  it  would  be  more  largely  in  the 
form  of  snow  than  it  is' at  present.  It  is  difficult  to  believe,  however,  that 
a  change  of  this  kind  would  suffice  to  produce  enough  snow  in  latitude 
25  degrees  for  the  formation  of  an  extensive  ice-sheet,  unless  a  decided 
reduction  of  mean  annual  temperature  accompanied  it.  It  may  be 
pointed  out  that  the  aphelion  winter  theory  involves  a  contemporaneous 
mild  winter  in  the  northern  hemisphere;  it  is  therefore  to  that  extent 
inconsistent  with  the  supposed  equivalence  of  the  Dwyka  glacial  forma- 
tion with  the  Talchir  glacial  formation  of  northwestern  India. 
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Oeneral  refrigeration, — Refrigeration  alone — either  by  a  decrease  of 
solar  radiation  or  by  a  change  in  the  constitution  of  our  atmosphere — 
without  any  significant  shifting  of  the  wind  belts,  would  have  to  be  ex- 
treme in  order  to  produce  an  ice-sheet  in  latitude  25  degrees ;  for  it  would 
\ye  necessary  in  such  a  case  to  reduce  the  summer  temperature  of  South 
Africa  so  that  the  summer  rains  should  be  changed  to  summer  snows, 
the  winters  remaining  dry,  but  becoming  extremely  cold.  Such  a  refrig- 
eration would  freeze  up  all  the  temperate  lands ;  and  there  does  yet  appear 
to  be  sufficient  reason  for  supposing  that  so  general  a  Permian  refrigera- 
tion has  taken  place.  A  special  study  of  the  Permian  formations  of  the 
whole  world  in  this  connection  would  be  instructive. 

Shifting  of  the  poles, — An  altogether  different  explanation  for  the  cli- 
mate of  the  Dwyka  ice-sheet  is  found  in  the  frequently  suggested  change 
in  the  attitude  of  the  earth's  axis,  so  that  the  poles  with  their  normally 
low  temperatures  might  be  placed  nearer  the  present  position  of  the 
equator.  It  is  well  known  that  a  change  of  the  north  pole  to  a  position 
near  Iceland  would  favor  the  production  of  the  Pleistocene  ice-sheets  in 
northeastern  America  and  northwestern  Europe;  for  it  would  not  only 
decrease  the  mean  annual  temperature  of  the  glaciated  areas,  but  it  would, 
by  setting  the  equator  in  the  Atlantic  south  of  cape  San  Roque,  prevent 
the  deflection  of  a  large  body  of  warmed  water  from  the  South  Atlantic 
to  the  North  Atlantic,  and  thus  decrease  the  volume  of  abnormally  warm 
water  which  now,  under  the  popular  but  inappropriate  name  of  the  Gulf 
stream,  flows  past  Norway. 

If  a  change  in  the  position  of  the  axis  took  place  in  Permian  time,  it 
would  seem  easy  thus  to  account  not  only  for  the  Dwyka  glacial  formation 
of  South  Africa,  but  also  for  the  Talchir  glacial  formation  of  northwest- 
em  India,  and  for  the  Muree  glacial  formation  of  southeastern  Australia, 
as  various  geologists  have  pointed  out.  It  should  be  recalled  that,  in 
favor  of  the  hypothesis,  the  movement  of  the  Talchir  ice-sheet  in  India 
was,  like  that  of  the  Dwj'ka  ice-sheet  in  South  Africa,  away  from  the 
equator.  But  there  are  various  embarrassments  connected  with  the  ac- 
ceptance of  this  daring  hypothesis.  There  is  no  efficient  cause  known  by 
which  so  great  a  change  in  the  position  of  the  earth's  axis  as  is  here 
needed  can  be  accounted  for;  there  appears  to  be  a  less  frequent  occur- 
rence and  a  smaller  extension  of  glacial  formations  in  the  whole  geological 
series  than  one  might  fairly  expect  there  would  be  if  the  earth's  axis 
were  in  the  habit  of  varj'ing  its  position ;  and  there  are  so  many  areas  of 
undisturbed  Paleozoic  strata  that  it  is  unreasonable  to  admit  the  occur- 
rence in  later  time  of  the  various  deformations  of  the  earth's  crust  that 
might  have  to  follow  a  shift  in  the  location  of  the  equatorial  bulge 
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and  of  the  polar  flattening.  The  shifting  of  the  poles  is  therefore  at 
present  not  only  a  daring  hypothesis,  but  gratuitous  and  discredited  as 
well.  Nevertheless,  if  evidence  of  Permian  wann  climate  were  foimd 
around  a  zone  that  would  be  equatorial  to  an  Indian  Ocean  polar  area, 
and  if  another  Permian  glacial  area  were  found  in  the  regions  antipodal 
to  the  Indian  ocean,  this  daring,  gratuitous,  and  discredited  hypothesis 
would  have  to  be  taken  seriously  into  account. 

The  cause  of  the  Dwyka  glaciation  for  the  present  remains  a  puzzle,  al- 
though the  fact  of  the  glaciation  is  well  established. 

The  Interior  Highland:  The  Veld* 
the  scheme  of  the  geographical  cycle 

Our  rapid  journey  inland  from  Cape  Town  as  far  as  Johannesburg  and 
Victoria  falls,  and  then  eastward  to  Beira  on  the  Portuguese  coast,  gave 
a  particular  pleasure  to  some  of  the  geographically  minded  members  of 
the  party,  who  attempted  to  refer  the  various  land  forms  that  were  seen 
to  their  appropriate  place  in  the  scheme  of  the  geographical  cycle.  This 
scheme  recognizes  that  if  the  ordinary  processes  of  erosion  carry  on  their 
destructive  work  without  interference  by  crustal  movement  or  by  climatic 
change  for  an  indefinitely  long  time,  they  will  eventually  wear  down  any 
land  area,  whatever  height  and  form  it  originally  had  as  a  result  of  up- 
lifting forces,  to  a  nearly  featureless  lowland,  hardly  above  sealevel.  On 
such  a  lowland  plain  the  further  processes  of  erosion  must  be  very  slow ; 
the  rivers  would  have  long  since  reduced  their  courses  to  gentle  grade, 
with  extremely  faint  declivity  toward  their  mouths  in  the  sea ;  the  branch 
streams  would  have  given  up  the  torrential  activity  of  their  youth  and 
become  sluggish  tributaries  in  their  old  age ;  and  the  smaller  rills  would 
have  been  largely  extinguished  by  lack  of  ground-water  discharge  in 
springs  on  the  flattened  land  slopes,  for  the  hills  that  rose  between  the 
eroded  valleys  during  the  stage  of  vigorous  maturity  would  by  this  time 
have  been  worn  down  to  faint  swells,  seeming  almost  level  to  the  eye,  and 
the  ground-water  would  find  few  points  of  emergence  imtil  the  larger 
channels  were  reached.  The  waste  of  the  land,  prevailingly  of  fine  text- 
ure, would  be  slowly  washed  down  the  nearly  imperceptible  slope  of  the 
swells  toward  the  streams,  and  carried  by  the  streams  and  rivers  along 
their  well  ordered  courses  to  the  sea.     The  watercourses  would  not  follow 

*Thl8  Hection  of  the  present  article  Is  expanded  from  the  notes  of  an  informal  address 
given  on  the  deck  of  the  steamer  Durham  Castle  during  the  return  voyage  of  the  British 
Association  party  from  Beira,  by  the  east  coast  of  Africa,  to  Southampton,  Septemi>er-October, 
1905. 
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valleys  in  the  ordinary  sense  of  that  term,  but  would  lie  in  the  broad  sur- 
face of  faint  depressions  between  equally  faint  swells :  there  would  be  no 
hills,  no  escarpments,  no  terraces.  The  agencies  of  transportation  would 
have  come  to  be  so  nicely  fitted  to  their  work  that  the  streams  would  be 
everywhere  competent  to  sweep  along  the  load  of  waste  supplied  to  them 
by  the  weathering  agencies ;  the  soils  might  be  deeper  in  one  kind  of  rock 
or  shallower  in  another  kind,  but  there  would  be  no  heavy  accumulations 
of  transported  soil;  alluvial  deposits  would  occur  only  in  relatively  nar- 
row and  shallow  belts  along  the  stream  courses. 

Now  a  land  form  of  this  kind  is  seldom  found;  it  is  a  geographical 
rarity.  Plains  are  common  enough,  but  plains  such  as  those  of  northern 
India  or  western  Turkestan  are  not  the  work  of  erosion,  but  of  deposition, 
and  should  not  be  confoimded  with  plains  of  erosion,  just  described. 
Some  geographers  have  indeed  urged  that  the  crust  of  the  earth  has  not 
anywhere  stood  still  long  enough  for  the  production  of  a  plain  of  erosion ; 
he^ce  all  the  more  interest  would  attach  to  such  a  plain  if  it  were  found.* 

THE  OPEN  VELD   A  PLAIN  OF  EROSION 

Before  leaving  Cape  Town  we  were  told  that  the  scenery  along  the  rail- 
way line  on  the  interior  highland  or  Veld  to  Johannesburg  was  monot- 
onous and  uninteresting.  I  made  that  journey  in  the  sympathetic  com- 
pany of  Professors  Penck,  of  Vienna,  and  Coleman,  of  Toronto,  when  we 
were  hurrying  from  the  geological  excursion  in  the  Karroo  with  Mr 
Sogers  to  another  excursion  in  Vrj'heit  with  Messrs  Anderson  and  lilolen- 
graaff ;  and  seldom  has  a  railway  journey  proved  more  entertaining  than 
the  daylight  run  we  made  over  the  Veld  from  De  Aar  to  Bloemfontein, 
for  we  crossed  miles  and  miles  of  plains  that  repeated  in  nearly  every  re- 
spect the  features  of  the  ideal  worn-down  land  surface,  such  as  belongs 
in  the  latter  part  of  the  physiographic  cycle  of  land  forms.  This  profit- 
able experience  was  repeated  on  the  return  from  Johannesburg  around  to 
KimbeVley,  when  we  saw  in  the  morning  a  stretch  of  the  Veld  north  of 
Bloemfontein  that  had  been  crossed  at  night  on  our  way  up  country.  I 
will  first  point  out  the  elements  in  which  the  actual  features  of  this  region 
support  the  scheme  of  the  cycle,  then  mention  some  special  features,  and 
finally  ask  attention  to  some  problematic  matters  concerning  which  a 
much  more  extended  study  of  South  Africa  must  be  made  than  that 
which  was  possible  in  our  short  excursion. 

There  are  many  stretches  of  Veld— open,  treeless,  unfenced  country, 
hundreds  or  thousands  of  square  miles  in  area  and  several  thousand  feet 
above  aealevel — that  would  be  called  level  plains  even  by  a  rather  careful 
observer ;  but  they  are  not  precisely  level,  as  a  view  back  or  forward  along 
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the  railway  line  soon  shows.  The  surface  has  broad  swells  of  very  faint 
convexity  bet^^een  broad  depressions  of  equally  faint  concavity,  and  it 
may  therefore  be  called  a  peneplain  instead  of  a  plain,  as  if  it  represented 
the  penultimate  and  not  the  ultimate  stage  of  the  geographical  cycle.  The 
Veld  is  not  a  surface  of  accumulation  or  of  construction ;  it  is  a  surface 
of  erosion,  for  the  various  formations  of  the  Karroo  system  of  which  the 
region  is  built  up  are  often  seen  imder  the  thin  soil,  obliquely  beveled  by 
the  gently  undulating  plain.  Moreover,  the  Veld  is  frequently  sur- 
mounted in  one  district  or  another  with  ridges  and  tables  of  resistant 
dolerite,  whose  occurrence  demands  the  former  presence  of  higher  Karroo 
beds  to  an  additional  thickness  of  hundreds  or  thousands  of  feet.  Again, 
certain  parta  of  the  Veld  are  not  reduced  to  so  small  a  relief  as  those 
just  referred  to,  and  hence  seem  to  show  a  less  advanced  stage  of  develop- 
ment; here  the  more  distinct  swells  and  troughs  are  called  bulls  and  vJeis 
by  the  Boers. 

It  should  not  be  understood,  however,  that  in.  considering  the  highland 
of  the  Veld  as  a  peneplain  it  is  intended  to  imply  that  it  stands  at  one 
level  over  its  great  extent.  A  peneplain  must  have  a  perceptible  measure 
of  residual  relief ;  its  streams  must  exhibit  a  gentle  slope,  and  hence,  when 
its  surface  extends  over  hundreds  or  thousands  of  miles,  it  is  essential 
that  its  different  parts  should  be  of  different  altitudes.  Just  what  the 
existing  differences  of  altitude  amount  to  it  will  be  impossible  to  say 
imtil  the  region  is  surveyed.  It  is  evident  that  the  openness  and  prevail- 
ing smoothness  of  the  Veld  has  favored  the  advance  of  settlement 
across  it. 

It  is  especially  noteworthy  that  the  faint  depressions  of  the  Veld  are  as 
a  rule  not  imdrained  hollows  (we  saw  few  "pans"  on  our  journey),  but  are 
arranged  in  branchwork  fashion,  systematically  joining  one  another  down- 
stream in  a  way  that  can  be  explained  only  by  long-continued  river  work : 
the  faint  depressions  are  indeed  nothing  more  nor  less  than  valleys  in 
their  old  age,  although  they  are  as  unlike  the  steep-sided  troughs*  which 
the  term  valley  ordinarily  suggests  as  the  faint  swells  of  a  worn  down 
range  are  unlike  the  mountains  from  which* they  have  been  reduced. 
This  old  drainage  system  seems  thoroughly  organized,  although  not  very 
energetic,  all  its  parts  being  closely  interdependent  and  everywhere  show- 
ing that  wonderfully  delicate  adjustment  of  declivities  which  brings  the 
graded  lines  of  interstream  slopes  into  accordant  junction  with  the  stream 
courses,  and  the  stream  courses  with  each  other.  On  the  surface  thus 
fashioned  the  drainage  system  seems,  precisely  as  the  theor)'  of  the  cycle 
leads  one  to  expect,  everywhere  just  competent  to  do  its  duty — ^that  is,  to 
carry  along  the  waste  that  is  washed  from  the  broad  surface  of  the  faint 
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swells  to  the  streams  and  along  the  streams  to  the  rivers.  Not  only  the 
stream  courses,  hut  the  general  surface  of  the  plain,  is  and  has  long  been 
reduced  to  grade.  The  delicacy  of  drainage  organization  here  involved 
is  worthy  of  close  attention ;  it  can  be  explained  only  by  the  long  undis- 
turbed and  continued  action  of  erosive  agencies,  and  its  attainment  may 
therefore  be  taken,  along  with  other  features  above  mentioned,  as  evi- 
dence that  the  region  of  the  Veld  has  really  been  undisturbed  by  crustal 
movement  through  a  long  period  of  time,  and  that  it  is  actually  a  plain 
of  long  continued  erosion.  It  is  distinctly  not  a  dissected  peneplain  in 
the  areas  here  considered;  the  streams  do  not  flow  in  narrow  valleys  that 
are  eroded  beneath  the  level  of  the  peneplain,  as  is  so  often  the  case  in 
other  parts  of  the  world,  but  flow  in  mere  channels  through  the  very  shal- 
low and  very  wide  open  valleys  appropriate  to  old  age. 

The  absence  of  rill  channels  on  the  slopes  of  the  faint  swells  is  a  char- 
acteristic peculiarity  of  the  Veld  very  appropriate  to  old  age.  This 
feature  is  probably  to  be  explained,  in  so  far  as  a  peneplain  in  a  normal 
climate  is  concerned,  by  the  failure  of  the  gently  sloping  surface  of  the 
residual  swells  to  intersect  the  ground-water  surface,  and  hence  by  the 
failure  to  develop  springs  and  small  streams,  as  already  suggested.  In  the 
ease  of  the  Veld,  the  absence  of  rills  is  also  favored  by  the  dryness  of  the 
climate.  If  contour  lines  were  drawn  on  a  good  map  of  the  district,  they 
would,  in  the  absence  of  rill  channels,  sweep  around  the  swells  in  large 
curves ;  the  many  reentrant  angles  by  which  contour  lines  indicate  the  re- 
peated divarication  of  streams  and  rills  in  a  surface  of  stronger  relief 
would  here  be  wanting.  The  very  broad  convexity  of  the  faintly  arched 
swells  is  another  matter  of  interest  in  showing  how  far  the  sharp  ridged 
divides,  appropriate  to  the  action  of  streams  in  an  early  stage  of  the  cycle, 
are  now  replaced  by  flat  and  broadly  rounded  divides  on  which  normal 
stream  action  is  replaced  by  some  other  process — probably  wet  weather 
wash  rather  than  soil  creep — ^which  becomes  dominant  in  the  late  stages 
of  the  cycle.  It  should  be  noted  that  the  flat  divides  swell  from  30  to  100 
feet  above  the  pale  valleys,  and  from  this  it  may  be  fairly  inferred  that 
peneplanation  here  can  not  be  due  to  the  lateral  swinging  of  streams,  but 
Simply  to  the  general  wasting  and  washing  processes  of  subaerial  degra- 
dation. The  few  "pans"  or  undrained  depressions  that  I  saw  seemed  to 
be  distinct  departures  from  the  rule  of  normal  degradation  that  obtains 
so  widely  in  the  Veld,  as  will  be  more  fully  stated  below. 

EFFECTS  OF  THE  DRY  CLIMATE 

Some  of  the  more  special  features  of  the  Veld,  considered  as  a  pene- 
plain, may  now  be  mentioned,  and,  first,  certain  features  associated  with 
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the  dr}Tiees  of  its  climate.  The  region  has  a  pronounced  dry  season 
through  the  months  when  the  sun  is  north,  and  a  considerable  rainfall, 
some  thirty  inches,  when  the  sun  is  south ;  and  much  of  the  rain  falls  in 
heavy  showers.  The  climate  can  not  therefore  be  properly  described  as 
arid ;  yet  arboreal  vegetation  is  wanting,  and  even  the  smaller  plant  forms 
are  rather  sparsely  scattered,  leaving  much  bare  ground  between  them  in 
the  dry  season  of  our  visit.  The  soil  is  probably  more  fully  plant  covered 
after  the  summer  rains  have  begun ;  nevertheless  the  aspect  of  the  region 
is  distinctly  that  of  a  dry  country.  The  processes  of  weathering  seem  to 
be  not  so  much  those  of  deep  penetrating  decomposition  of  the  chemical 
kind  as  those  of  shallow  disintegration  of  the  mechanical  kind.  The 
processes  of  transportation  are  inactive  in  the  dry  season,  but  they  must 
work  very  eiffectively  in  the  wet  season,  especially  during  and  immediately 
after  the  occasional  downpours  of  rain  that  seem  to  be  characteristic  of 
the  region.  At  such  times  the  smooth  slopes  of  the  unchanncled  swells 
must  be  swept  by  sheetfloods  and  the  stream  channels  must  be  filled  to 
overflowing.  The  sheetflood  would  be  greatly  impeded  if  the  Veld  sup- 
ported a  forest  with  thick  undergrowth.  The  sheetflood  is,  on  the  other 
hand,  greatly  favored  by  the  actual  scantiness  of  vegetation,  and  it  can 
hardly  be  doubted  that  erosion  at  this  stage  of  the  cycle  progresses  much 
more  rapidly  in  this  comparatively  dry  region  than  it  would  imder  a  cli- 
mate moist  enough  to  support  an  abundant  cover  of  vtJgetation.  It  must 
be  chiefly  by  the  action  of  the  efficient  sheetflood  that  the  broad  and  gentle 
swells  have  been  and  are  still  worn  down  without  the  formation  of  rill 
channels  and  gullies.  Residents  in  the  region  told  us  that  sweeping 
floods  on  the  plains,  far  outside  of  the  stream  channels,  were  of  not  un- 
common occurrence  from  year  to  year. 

RIVER  VALLEYS  AND  RIVER  CHANNELS 

The  unchanneled  swells  of  the  Veld  are  so  broad  that  well  defined 
stream  channels  are  few  and  far  between.  This  is  partly  a  feature  of  old 
age,  partly  of  dry  climate,  as  stated  above.  At  the  time  of  our  visit  such 
channels  as  occur  were  nearly  or  quite  dry,  and  we  had  a  chance  of  seeing 
the  banks  and  beds,  which  in  a  moister  climate  are  usually  hidden  under 
water.  The  banks  were  largely  built  of  fine  alluvium,  from  10  to  30  feet 
in  height,  and  rock  in  place  was  visible  in  them  here  and  there.  The  beds 
were  mostly  covered  with  silt,  sand,  and  gravel,  but  sills  of  rock  were  not 
rare.  The  railway  usually  crossed  the  larger  channels  w^here  rock  sills 
occurred,  in  order  to  have  good  foundations  for  the  abutments  and  piers 
of  its  bridges.  The  channels  were  sometimes  so  deep  that  they  had  the 
appearance  of  young  valleys,  new  cut  beneath  the  plain,  as  if  by  the  re- 
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jnvenation  of  the  streams,  and  so  they  were  at  first  interpreted ;  hnt  I  am 
persuaded  that  such  was  not  the  ease.  The  depth  of  the  channels  was 
merely  a  sign  of  the  great  fluctuations  of  stream  volume  in  a  region  where 
heavy  rains  are  chiefly  discharged  by  rapid  rim-ojff  from  an  open  surface* 
The  rock  sills  in  the  channel  beds  sometimes  determined  the  site  of  little 
_rapids  or  low  cascades  in  the  trickling  streamlets  that  alone  represented 
the  rivers  in  tlie  dry  season.  This  also  at  first  sight  suggested  a  recent 
rejuvenation  of  the  old  drainage  system;  for  rapids  and  falls  are  always 
to  be  associated  with  young  rivers,  while  old  rivers  are  supposed  to  be 
normally  of  gentle  and  even  grade,  without  any  trace  of  local  hurry  in 
cascades,  all  of  which  should  have  been  obliterated  in  the  earlier  stages  of 
the  cycle.  But  in  this  case,  as  in  the  other,  further  consideration  shows 
that  the  little  rapids  of  the  low-water  streamlets  are  not  at  all  inconsistent 
with  normal  old  age ;  for  when  the  channels  are  occupied  by  the  flooded 
rivers  the  small  unevenness  of  the  channel  bed  can  have  no  significant 
eflFect  in  disturbing  the  even  slope  of  the  river  surface.  The  smoothness 
of  the  floodplain  confirms  this;  it  is  without  perceptible  inequality  of 
slope  and  shows  no  change  of  level  where  low  rock  sills  occur  in  the  chan- 
nel bed  below.  It  is  therefore  the  high-water  river  and  the  floodplain 
associated  with  it  which  should  be  taken  to  represent  the  normal  features 
of  old  age;  the  low-water  stage  is  an  abnormal  condition  of  a  river,  and 
gives  less  evident  indication  of  the  stage  of  its  development. 

8T0RM-VL00D  CHANT^'BLS 

Some  of  the  wide  open,  old  valley  floors  were  dissected  here  and  there 
by  branching  channels  cut  in  the  alluvium  to  a  depth  of  10  or  20  feet; 
and  this  led  us  to  question  whether  a  slight  disturbance  in  the  normal 
progress  of  events  had  not  taken  place.  For  example,  after  a  time  of 
more  thorough  erosion,  a  climatic  change  might  have  occurred  during 
vt^hich  a  deposit  of  alluvium  would  accumulate,  and  this  in  turn  might 
have  lately  been  followed  by  a  period  of  more  active  erosion  whereby  the 
accumulated  alluvium  would  be  channeled.  On  the  other  hand,  it  seems 
possible  that  the  occasional  heavy  downpours  wliich  are  characteristic  of 
the  rainfall  on  the  Veld  may  sometimes  flood  the  streams  into  so  violent 
an  activity  that  they  cut  deep  channels  in  the  alluvium  that  has  been 
accumulating  in  the  long  intervals  of  less  rainfall,  and  thus  the  master 
fliood  of  the  centiiry  may  make  a  record  which  is  very  striking  if  of 
recent  occurrence,  but  which  is  gradually  lost  as  the  deep  cut  channels 
are  silted  up.  In  this  case  the  rock  floor  beneath  the  alluvium  will  be 
worn  down  only  when  and  where  the  deep  cut  channels  are  ripped  open. 
XXXVII— Bull.  Gbol.  Soc.  Am.^  Vol.  17,  1906 


426  W.  M.  DAVIS — OBSERVATIONS  IN  SOUTH  AFRICA 

by  the  master  floods — a  slow  process  truly,  but  not  slower  than  the  penul- 
timate erosion  of  a  land  surface  should  be.  It  may  be  added  that  we  saw 
in  the  Vrv'heit  district  of  Natal  many  gulches  in  hillside  alluvium,  which 
were  explained  as  storm-flood  channels  by  Mr  Anderson,  who  there  accom- 
panied us.  I  am  tempted  to  think  that  the  occasional  branching  channels 
in  the  alluvium  on  the  Veld  are  best  explained  in  the  same  way. 

Some  of  the  railway  cuttings  near  Johannesburg  exhibited  a  succession 
of  soil  and  rock  fragments  which  seemed  abnormal  and  which  may  come 
to  be  interpreted  as  indicating  a  change  of  climate;  this  is  merely  put 
on  record  here,  but  not  discussed,  as  it  was  only  seen  from  the  passing 
trains. 

UNDRAINBD  U0LL0W8  OR  *'PAli8" 

There  are  certain  parts  of  the  Veld  in  which  shallow  undrained  de- 
pressions or  ^^pans"  occur,  often  holding  lakes  or  pools  of  variable  area. 
Not  many  of  these  were  seen  from  our  route  of  travel,  and  we  were  not 
able  to  give  special  attention  to  the  few  which  we  passed.  No  satis- 
factory explanation  for  the  depressions  has  been  offered.  The  imderlying 
formations  are  not  known  to  contain  soluble  minerals  whose  removal 
might  cause  a  settling  of  the  surface.  The  action  of  the  wind  may  per- 
haps be  appealed  to,  for  the  scanty  vegetation  of  the  Veld  permits  the 
wind  to  reach  a  large  part  of  the  surface  of  the  ground,  particularly  in  the 
dry  season,  but  I  am  not  aware  of  any  special  features  of  the  pans  which 
demonstrate  their  origin  by  wind  action.  The  long  continued  removal  of 
a  significant  amount  of  fine  soil  during  each  wet  season  by  animals  has 
been  suggested,  and  when  the  large  numbers  of  antelopes  that  formerly 
roamed  here  is  considered,  tliis  suggestion  seems  to  bo  not  without  value. 
But  important  as  the  pans  are  in  certain  districts,  the  action  of  surface 
wash  and  sheetfloods  seems  to  be  dominant  over  the  greater  part  of  the 
Veld,  for  the  surface  very  generally  exhibits  that  systematic  arrangement 
of  drainage  lines  and  slopes  which  long  continued  washing  must  produce 
and  which  long  continued  wind  action  must  destroy.  Further  reference 
to  this  matter  is  made  in  the  closing  section  of  this  article. 

RlDQEa  AND   TABLES  OF  DOLERITB 

We  may  next  consider  the  effects  of  variation  of  rock  structure  in  caus- 
ing variations  of  form  in  the  Veld.  In  the  ideally  simple  scheme  of  the 
geographical  cycle  a  land  mass  of  uniform  structiure  is  usually  postulated, 
because  in  such  a  case  the  action  of  the  erosive  processes  is  not  compli- 
cated by  the  unlike  resistance  of  strong  and  weak  rocks.    This  simple 
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condition  is  almost  realized  where  the  Veld  is  underlaid  by  stratified 
rocks,  but  it  has  been  already  stated  that  doleritic  intrusions  in  dikes  and 
sheets  are  not  uncommon.  Where  these  resistant  rocks  occur  it  is  but  nat- 
ural that  they  should  stand  up  in  much  more  mature  relief  than  that  of 
the  old  plains  which  have  been  worn  down  around  them  on  the  weaker 
rocks.  It  is  evident  enough  that  if  the  whole  region  consisted  of  resistant 
dolerite  the  surface  would  not  now  be  worn  as  smooth  as  it  is  in  the  actual 
areas  of  the  weaker  stratified  rocks;  for  the  time  and  the  agencies  that 
have  sufiBced  for  the  peneplanation  of  the  latter  would  have  hardly  car- 
ried the  former  beyond  maturity.  From  what  we  could  learn,  it  seems 
probable  that  the  Stormberg  mountains,  which  rise  along  the  southeastern 
border  of  the  Veld,  are  an  example  of  such  a  more  resistant  district ;  their 
structure  seems  to  be  essentially  horizontal,  and  they  are  said  to  contain 
much  dolerite.  They  may  therefore  be  provisionally  looked  upon  as  rep- 
resenting in  their  height  and  form  something  of  the  maturity  through 
which  the  weaker  rocks  of  the  Veld  have  long  since  passed. 

The  side  slopes  of  the  ridges  and  mesas  formed  on  the  dolerite  dikes 
and  sheets  are  suggestive  of  the  slow  erosive  processes  by  which  the  ridges 
are  being  slowly  worn  down.  The  crests  and  the  steeper  part  of  the  upper 
slopes  consist  chiefly  of  bare  dolerite.  There  the  agencies  of  removal  are 
somewhat  in  excess  of  the  agencies  of  disintegration ;  rock  fragments  are 
rolled  down  as  soon  as  they  are  detached  from  the  parent  ledges.  Farther 
down,  where  the  slope  is  less  steep,  it  is  covered  with  coarse  waste  or  talus 
from  the  bare  ledges  above.  Here  the  agencies  of  removal  are  only  able 
to  carry  away  the  middle  textured  and  finer  waste  that  comes  partly  from 
the  disintegration  of  the  coarse  waste  and  partly  from  the  disintegration 
of  the  underlying  rock.  The  talus-covered  slope  turns  by  a  rather  short 
curve  into  the  plain,  where  the  soil  is  of  relatively  fine  texture.  Here  the 
agencies  of  removal  are  able  to  carry  away  only  the  fine  waste  that  comes 
from  the  relatively  complete  disintegration  of  the  materials  farther  uphill 
and  of  the  underlying  strata.  Thus  the  talus  slope  as  well  as  the  plain 
is  essentially  at  grade  with  respect  to  the  agencies  and  materials  there 
concerned,  though  the  slopes  of  the  two  are  very  different ;  but  the  top  of 
the  ridge  is  not  yet  reduced  to  grade.  The  front  view  of  the  ridges  gives 
one  the  impression  that  the  talus  slope  and  the  plain  meet  at  an  angle; 
the  profile  view  shows  that  the  two  surfaces  are  connected  by  a  short 
curve,  as  already  stated,  and  close  inspection  shows  that  the  plain  near  the 
base  of  a  ridge  has  a  slightly  greater  declivity  and  a  slightly  coarser  waste 
cover  than  farther  forward.  It  sometimes  happens  that  the  stratified 
rocks  may  be  seen  through  the  talus  slopes,  especially  on  the  slopes  of 
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dolerite-capped  mesas,  and  from  this  it  must  be  understood  that  the  talus 
is  not  a  thick  accumulation,  like  the  heavy  fans  that  accumulate  at  the 
base  of  oversteepened  cliffs  in  glaciated  districts;  it  is  only  a  sheet  of 
waste  whose  fragments  travel  slowly  down  the  slope,  while  the  slope 
slowly  retreats  before  the  slow  expansion  of  the  plain  at  its  foot.  The 
talus  slopes  are  seldom  ravined,  and  from  this  it  may  be  inferred  that  the 
talus,  like  the  plain,  is  acted  upon  rather  uniformly  over  large  areas  in- 
stead of  on  lines  of  concentrated  water  flow.  We  saw  indications  at 
various  points  that  the  contrast  of  conditions  between  ridge  and  plain 
acted  as  a  control  in  the  distribution  of  vegetation^  concerning  which  the 
botanists  of  the  party  could  probably  give  details.  It  would  appear  also 
that  the  stony  slopes  of  the  ridges  and  mesas  might  often  serve  to  harbor 
various  forms  of  animal  life  which  could  find  no  satisfactory  refuge  on 
the  featureless  plains.  But  it  sometimes  happens  that  a  broad  sheet  of 
dolerite  lies  at  a  level  only  slightly  above  that  of  the  surrounding  plain, 
and  in  such  case  the  flat  surface  of  the  sheet  is  covered  with  boulders  of 
decomposition  to  such  an  extent  as  to  exceed  in  this  respect  the  talus 
slopes  of  the  ridges  and  mesas. 

RELATION  OP  RIVERS  AND  RIDOBS 

The  relations  of  the  drainage  system*  to  the  dike  ridges  present;  some 
interesting  features.  The  plains  may  be  conceived  as  more  or  less  com- 
pletely divided  into  irregular  compartments,  large  and  small,  by  the 
ridges.  Many  of  the  compartments  are  drained  by  streams  that  escape 
where  the  ridges  are  wanting;  the  plains  of  such  imperfectly  separated 
compartments  form  a  continuous  surface  of  uninterrupted  grade;  but  it 
not  infrequently  happens  that  the  stream  by  which  a  compartment  of  the 
plain  is  drained  enters  the  compartment  or  escapes  from  it  through  a 
notch  in  one  of  the  inclosing  ridges.  Then  the  plains  up  and  down  stream 
from  the  notch  are  not  at  precisely  accordant  levels ;  for  the  stream  in  the 
notch  is  usually  of  a  steeper  slope,  either  on  bed-rock  or  on  large  boulders, 
than  it  is  on  the  open  plains.  The  plain  upstream  from  a  notch  is  of 
course  graded  with  respect  to  the  notch;  the  plain  below  the  notch  is 
graded  with  reference  to  some  other  local  baselevel  farther  downstream. 
This  relation  has  probably  obtained  for  ages  past,  the  graded  plains  hav- 
ing been  worn  down  as  fast  as  their  local  baselevels  were  lowered.  Here 
as  elsewhere  the  highly  developed  organization  of  the  diUinage  system  is 
exhibited.  There  is,  for  example,  no  excessive  accumulation  of  alluvium 
on  a  plain  upstream  from  tlie  notches  which  are  so  characteristic  of  the 
region ;  hence  there  does  not  seem  to  have  been  either  an  imdue  deepen- 
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ing  of  the  plain  above  the  notch,  followed  by  aggradation^  or  an  undue 
supply  of  waste  in  excess  of  that  which  could  be  carried  through  the  notch. 
The  plains  and  the  ridges,  the  stream  channels  and  the  notches,  are  essen- 
tially such  as  one  might  expect  to  occur  in  the  undisturbed  old  age  of  a 
region  of  hard  and  soft  rocks  in  a  subarid  climate,  and  hence  we  are  war- 
ranted in  supposing  that  erosion  has  been  steadily  in  progress  on  the  Veld 
for  a  long  time  in  the  past.  However  the  river  courses  were  originally 
determined,  they  must  have  been  running  practically  on  their  present 
courses  during  at  least  the  greater  part  of  the  period  in  which  the  later 
erosion  of  the  plains  has  been  accomplished,  and  during  that  period  South 
Africa  appears  to  have  been  an  undisturbed  land  area. 

PENEPLAINS  IN  OTHER  PARTS  OF  SOUTH  AFRICA 

The  condition  of  long  enduring  continental  quietude  indicated  by  the 
jxjneplanation  of  the  Veld  appears  to  have  obtained  in  other  parts  of 
South  Africa  as  well.  On  our  way  northward  from  Mafeking  we  passed 
through  a  granitic  district  on  the  eastern  border  of  the  Kalahari  where 
the  general  relief  was  small  and  where  the  watercourses  were  slightly,  if  at 
all,  incised  in  the  broad  and  shallow  depressions  that  sank  beneath  the 
broad  and  gentle  swells,  as  on  the  Veld.  Occasional  knobs  and  moun- 
tains— "Inselberge,'^  as  they  have  been  called  by  German  explorers — ^rose 
above  the  plain.  Farther  north,  around  Bulawayo,  the  steeply  inclined 
schists  are  truncated  in  a  broad,  gently  undulating  plain;  but  here  the 
watercourses  were  rather  more  distinctly  incised  than  in  the  other  dis- 
tricts named.  Not  far  from  Bulawayo  is  a  group  of  granitic  hills,  known 
as  the  Matopos  and  famous  as  holding  the  grave  of  Cecil  Rhodes  at  the 
summit  of  one  of  their  higher  eminences ;  they  are  monadnocks  of  granite 
that  rise  above  the  surrounding  peneplain  of  schists.  A  small  example 
is  shown  in  plate  49,  figure  2.  Again,  on  approaching  Salisbury,  the 
capital  of  Rhodesia,  we  crossed  a  gently  undulating  plain  eroded  on  in- 
clined rocks  and  interrupted  by  a  pronounced  ridge  of  nearly  vertical 
strata,  apparently  quartzites,  through  which  the  railway  passed  in  a  sharp 
notch.  East  of  Salisbury  the  undulating  plain  seemed  to  be  worn  down 
on  granite,  which  often  rose  in  local  knobs  arid  heaps  of  weathered 
boulders  like  small  Matopos.  We  were  told  that  the  railway  line  from 
Bulawayo  to  Salisbury  was  laid  nearly  along  the  water-parting  between 
the  Zambesi  and  the  Limpopo,  so  as  to  avoid  the  valleys  of  the  larger 
branches^  which  are  more  and  more  deeply  incised  beneath  the  highland 
as  the  main  rivers  are  approached. 

The  reports  of  two  explorers  may  be  cited  to  show  the  existence  of  ex- 
tensive peneplains  farther  north  and  northwest.     For  example,  Bom- 
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hardt  (27-29)*  describes  the  nplands  between  Lake  Nyassa  and  the  east- 
em  coast  as  consisting  of  gTieiss,  generally  reduced  to  a  surface  of  small 
relief,  but  here  and  there  surmounted  by  residual  eminences,  or  Tnsel- 
berge.  Passarge  {a,  636-638)  says  the  same  of  large  areas  of  the  Kala- 
hari Desert  area. 

The  various  peneplains  here  referred  to  can  not  at  present  be  surely 
correlated  as  belonging  to  the  same  cycle  of  erosion,  but  there  is  a  pre- 
sumption that  they  are  of  similar  dates  of  development,  and  they  certainly 
all  agree  in  testifying  to  the  quietude  of  the  continent  for  a  long  time 
and  over  a  large  area. 

DISTRICTS  OF  STROyOBR  RELIEF 

Although  a  great  part  of  the  South  African  highland  may  be  described 
as  made  up  of  undulating  plains  and  accounted  for  as  the  result  of  long 
continued,  penultimate  erosion,  there  are  certain  districts  where  the  relief 
is  hilly  or  submountainous.  The  Stonnbergen,  for  example,  which  lay 
southeast  of  our  route  across  the  Veld,  are  several  thousand  feet  higher 
than  the  highland.  They  are  built  of  the  youngest  members  of  the  Karroo 
system,  reinforced  by  abundant  sheets  of  dolerite.  They  are  believed 
to  be  residual  eminences  that  have  survived  the  erosion  which  has  swept 
away  the  less  fortified  strata  elsewhere.  In  the  neighborhood  of  Pretoria 
there  are  several  well  defined  ridges,  the  greatly  denuded  edges  of  various 
resistant  formations  belonging  to  older  geological  systems  than  the  Kar- 
roo. The  famous  Hand  or  escarpment  at  Johannesburg  is  another  exam- 
ple of  the  same  kind.  The  moderate  relief  to  which  these  ridges  are  re- 
duced from  the  former  much  greater  extension  of  their  strata  is  the  result 
largely  of  pre-Karroo  erosion,  partly  of  post-Karroo  erosion.  North  of 
Kimberley  we  saw  a  long  even-crested  escarpment  in  the  distance  to  the 
west  of  the  Vaal  river.  North  of  Mafeking  the  railway  passed  among 
a  number  of  subdued  mountains  believed  to  be  composed  of  the  same 
formations  as  those  about  Pretoria,  as  shown  on  the  valuable  geological 
map  of  the  Transvaal,  by  P.  H.  Hatch,  in  Hatch  and  Corstorphine's 
Geology  of  South  Africa.  The  Inselberge  on  the  eastern  border  of  the 
Kalahari  and  the  Matopos  near  Bulawayo  have  already  been  mentioned. 

*  The  explanation  that  Bornhardt  here  offers  for  the  even  surface  of  the  upland  which 
he  describes  does  not  seem  satisfactory.  He  supposes  that  the  region  concerned,  once 
surmounted  by  additional  rock  masses  and  therefore  rising  to  a  greater  altitude,  was 
dissected  to  maturity  and  then  depressed  and  buried  under  later  sediments  and  again 
elevated;  snd  thai  by  several  repetitioni  of  thin  process  a  number  of  independent 
criss-crossing  valley  systems  were  developed,  so  that  their  confluent  floors  would  form  a 
plain,  while  the  Intermediate  spaces  were  left  rising  in  isolated  knobs.  The  difilculty 
here  Is  that  In  the  successive  periods  of  elevation  and  erosion  there  is  no  guarantee  that 
the  land  mass  shall  resume  the  same  altitude,  and  hence  no  reason  for  thinking  that  the 
space  between  the  knobs  should  be  reduced  to  a  single  plain. 
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On  the  way  to  Victoria  falls  the  comitry  was  rougher  than  any  other  dis- 
trict that  we  traversed  on  the  highland,  but  all  the  mountains  and  hills 
thereabout  seemed  to  be  merely  residual  eminences  of  harder  rock,  like 
the  dolerite  ridges  and  mesas  of  the  Veld.  I^heir  survival  in  no  way 
contradicts  the  explanation  of  the  Veld  by  long  continued  and  more 
effectual  erosion. 

The  east  and  west  ranges  which  occupy  the  southern  part  of  Cape 
Colony  are  not  mentioned  in  the  preceding  paragraph  because  the  broad 
valleys  between  them  are  lower  than  the  highlands  of  the  Veld.  These 
ranges  should  probably  be  associated  with  the  mountains  and  escarpments 
which  roughen  the  slope  where  the  highlands  descend  eastward  to  the 
Indian  ocean,  for  I  gained  the  impression  that  in  both  these  areas,  south 
and  east  of  the  Veld,  the  peneplain  of  the  highland  had  once  extended 
farther  toward  the  sea  and  had  afterward  been  dissected  by  short  rivers 
of  rapid  fall. 

OCCASIONAL  DEEP  VALLEYS 

A  notable  feature  of  all  the  high  standing  peneplaned  areas  that  we 
traversed  is  their  comparative  freedom  from  deeply  incised  valleys.  High 
standing  peneplains  are  common  in  many  other  parts  of  the  world,  but 
they  are,  with  hardly  an  exception,  more  or  less  completely  dissected  by 
the  rivers  that  drain  them.  In  South  Africa  undissected  continuity 
seemed  to  be  the- rule  and  dissection  the  exception.  The  rivers  flow,  one 
may  almost  say,  on  the  plain.  The  only  striking  example  of  dissection 
that  we  saw  within  the  plateau  area  was  the  gorge  of  the  Zambesi  below 
Victoria  falls.  Here  the  river  has  cut  down  its  extraordinary  zigzag 
trench  beneath  the  floor  of  a  very  broad  and  shallow  preexistent  valley. 
It  may  well  be,  however,  that  on  account  of  our  journey  having  been  so 
largely  by  rail,  and  on  account  of  the  railways  having  been  located  as  far 
as  possible  along  the  broad  highland  divides  between  the  larger  and  deeper 
valleys,  as  between  Bulawayo  and  Salisbury,  that  we  gained  an  undue 
impression  of  the  freedom  of  the  highland  from  dissection ;  yet  where  we 
crossed  the  Orange  and  the  Vaal  rivers  and  their  branches  the  valleys  were 
very  little,  if  at  all,  sunk  below  the  level  of  the  adjoining  plains.  It 
should  be  remembered,  however,  that  the  Orange  river  is  described  as 
having  falls  in  its  lower  course,  west  of  the  Veld,  and  it  is  to  be  presumed 
that  these  falls  are  associated  with  a  more  or  less  distinctly  entrenched 
valley.     Special  physiographic  observation  is  much  needed  on  this  point. 

VICTORIA  FALLS  OF  THE  ZAMBESI 

The  peculiar  zigzag  pattern  of  the  "Batoka  gorge'^  of  the  Zambesi  river 
below  Victoria  falls  has  been  well  shown  by  Mol}Tieux  to  depend  on  the  ex- 
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istenoe  of  groups  of  transverse  vertical  joints  or  fissures  in  the  horizontally 
bedded  basalts  which  here  build  up  the  plateau.  The  course  of  the  river 
near  the  falls  is  to  the  south-southeast.  Above  the  falls  it  follows  a 
broad,  open^  and  shallow  valley  inclosed  by  sandy  uplands  which  ascend 
gently  one  or  two  hundred  feet  above  the  river.  A  similar  valley  is  easily 
seen  to  continue  below  the  falls,  but  there  its  floor  is  cut  by  the  zigzag 
gorge.  The  gradual  widening  of  the  main  gorge  and  the  increased  length 
of  the  lateral  gorges  farther  and  farther  downstream,  as  described  by 
Lamplugh,  leave  no  doubt  of  the  normal  origin  of  the  gorge  by  river 
erosion. 

The  falls  at  present  stretch  across  the  whole  breadth  of  the  upper  river. 
The  waters  plunge  down  from  a  rather  straight  wall-like  face  of  rock 
into  a  deep  transverse  cleft  that  has  been  worn  out  on  one  of  the  groups 
of  transverse  joints  and  fissures.  The  cleft  is  soon  followed  by  a  trans- 
verse wall  of  more  solid  rock,  through  which  a  narrow  passage  leads  the 
river  to  the  next  transverse  cleft,  and  so  on  down  the  gorge.  Above  the 
falls  transverse  belts  of  smoother  and  deeper  water  interrupt  the  rippling 
belts  of  shallower  water  at  intervals  of  a  few  hundred  feet.  These  deei)er 
belts  probably  indicate  as  many  groups  of  joints  and  fissures  and  appear 
to  be  the  embryonic  form  of  future  transverse  clefts  separated  by  more 
solid  walls.  Several  local  channels  are  forming  across  the  wall  from  which 
the  falls  now  plimge.  At  times  of  lowest  water  the  less  worn  top  of  the 
wall  may  be  partly  dry,  nearly  all  of  the  water  being  then  gathered  in  the 
local  channels.  At  times  of  high  water  the  great  flood  carries  deep  water 
from  bank  to  bank,  and  spray  and  foam  then  rise  from  the  cleft  in  such 
volume  as  almost  to  hide  the  falls.  As  time  passes,  one  or  another  of  the 
local  channels  will  be  cut  deeper  and  deeper,  until  it  takes  all  the  water 
from  the  next  upstream  deeper  transverse  belt.  The  local  channel  then 
becomes  a  connecting  passage,  the  deeper  belt  is  worn  down  to  a  deep 
transverse  cleft,  to  whose  upstream  side  the  falls  are  shifted,  and  the  wall 
of  the  present  falls  is  left  standing  high  and  dry.  It  has  been  by  essen- 
tially a  series  of  such  changes  that  the  existing  zigzag  gorge  beloM'  the 
falls  has  been  eroded.  The  transverse  clefts  are  subparallel,  but  the  loca- 
tion of  the  connecting  passages  is  a  matter  of  chance,  as  it  depends  on 
the  success  of  one  local  channel  in  being  worn  down  a  little  faster  than 
another;  hence  the  peculiar  zigzag  course  of  the  narrow  river  below  the 
falls,  in  contrast  to  the  relatively  direct  course  of  the  broad  river  above 
the  falls.  The  connecting  passage  that  now  leads  the  waters  from  the 
falls  cleft  through  the  next  transverse  wall  is  about  a  fourth  way  from 
the  eastern  to  the  western  end  of  the  wall.  The  passage  that  cuts 
through  the  second  wall  below  the  falls  is  at  its  western  end ;  it  is  around 
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this  wall  end  that  the  river  makes  its  extraordinary  turn  in  front  of  the 
hotel  and  railway  station,  close  by  on  the  southern  upland — a  view  that 
is  often  shown  in  photographs.  A  connecting  channel  appears  to  be  at 
present  in  formation  close  to  the  western  end  of  the  present  falls.  It 
thus  appears  that  the  explanation  offered  by  Molyneux  not  only  accounts 
for  the  peculiar  pattern  of  the  gorge  already  formed,  but  suffices  also  to 
show  that  the  peculiar  process  of  its  formation  is  still  in  progress,  and 
that  the  future  gorge  will  be,  for  some  time  at  least,  as  remarkably  zigzag 
as  the  present  gorge.  It  is  noteworthy  that  the  whole  depth  of  the  gorge 
is  cut  in  resistant  sheets  of  basalt :  there  is  in  this  case  no  question  of  a 
hard  capping  layer  on  a  weaker  underlving  mass,  such  as  commonly  de- 
termines the  occurrence  of  waterfalls  in  dissected  plateaus. 

THE  EASTERN  ESOARPMBST 

When  the  eastern  border  of  the  highland  is  reached  it  is  found  that 
the  headwaters  of  many  streams  which  flow  rapidly  down  to  the  Indian 
ocean  ^re  retrogressively  gnawing  into  the  plateau  and  dissecting  its 
edge.  The  best  example  of  this  kind  that  came  to  my  notice  was  on  the 
railway  line  from  Durban  to  Johannesburg,  between  Charlestown  (Natal) 
and  Volksrust  (Transvaal).  Here  a  headwater  stream  of  Buffalo  river, 
which  flows  southeastward  and  joins  the  Tugela  on  the  way  to  the  Indian 
ocean,  occupies  a  narrow  valley,  sharply  incised  beneath  the  rolling  up- 
lands, over  which  rise  in  turn  the  more  resistant  rocks  in  ridges  and  mesas ; 
of  these  Majuba  hill,  on  the  general  line  of  water-parting  between  the 
cast-flowing  and  west-flowing  streams,  is  one.  The  head  branches  of 
the  Vaal  in  this  district  occupy  shallow,  wide  open  valleys.  It  may  be 
noted  that  the  upper  Buffalo  river  receives  Berlang  river,  a  stream  about 
30  miles  long,  from  the  east,  very  much  as  if  the  latter  had  once  belonged 
to  the  Zand-Klip-Vaal-Orange  system  and  had  been  afterward  captured 
by  the  Buffalo  at  the  point  where  its  waters  turn  sharply  to  the  southeast, 
round  an  angle  of  over  120  degrees. 

The  headwaters  of  the  east-flowing  Elands-Crocodile-Komati  river 
system  in  northeastern  Transvaal  are  also  deeply  intrenched  beneath  the 
rolling  Veld  near  Belfast,  but  llie  valleys  are  here  more  widely  opened, 
as  if  they  had  longer  been  in  possession  of  the  area  than  is  the  case  with 
the  westernmost  branch  of  Buffalo  river  near  Volksrust,  above  mentioned. 
The  highland  that  rises  over  the  headwaters  of  Elands  river  consist  of 
strata  of  the  Pretoria  and  Karroo  systems,  dipping  gently  westward  or 
southwestward ;  but  the  uplands  maintain  their  generally  level  sk}'line, 
which  bevels  the  gently  dipping  strata  in  a  manner  highly  suggestive  of 
poneplanation  in  a  cycle  of  long  continued  erosion  anterior  to  the  present 
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cycle.  The  features  just  mentioned  were  seen  during  an  excursion  under 
the  direction  of  Mr  A.  L.  Hall,  of  the  Transvaal  Geological  Survey,  from 
Johannesburg  to  the  Duivels  Kantoor  and  back,  by  the  railway  line  be- 
tween Pretoria  and  Delagoa  bay.  The  Duivels  Kantoor,  or  Devil's  shop, 
is  a  promontory  in  the  bold  escarpment  by  which  the  highlands  are  here 
terminated  eastward ;  it  lies  a  few  miles  south  of  the  deep  valley  of  the 
Elands  river  and  is  reached  by  a  wagon  road  from  Godwan  station. 
From  its  edge  one  overlooks  the  lower  land,  which  is  elaborately  dissected 
in  deep  weathered  granite  and  in  which  Barberton  lies.  A  general  idea 
of  the  form  of  the  escarpment  is  given  in  figure  11,  looking  south ward. 
The  determining  stratum  is  the  Black  Reef  quartzite,  dipping  gently 


FiGURi  11. — View  Southward  along  the  Escarpment  of  Black  Reef  Quartzite  overlying 

Oranite. 

The  view  Is  as  seen  from  the  Duivels  Kantoor,  in  the  northeastern  part  of  the  Transvmal. 


westward,  and  here  much  thicker  than  where  we  saw  it  between  Johannes- 
burg and  Vereeniging.  The  overlying  dolomite  is  worn  into  rounded 
hills  next  farther  west;  then  comes  another  escarpment  of  somewhat 
greater  altitude,  but  of  less  pronounced  form,  determined  by  certain  re- 
sistant quartzites  of  the  Pretoria  (or  Potchefstroom)  system;  and  thus 
the  full  altitude  of  the  High  Veld  is  reached.  A  part  of  this  higher 
escarpment  is  shown  on  the  right  in  figure  11.  Where  Elands  river  flows 
eastward  across  these  west-dipping  quartzites,  there  are  two  waterfalls, 
and  here  the  grade  of  the  railway  is  so  heavy  from  Waterval  Boven  to 
Waterval  Onden  (Above  the  Falls  to  Below  the  Falls)  that  a  toothed 
strip  is  added  between  the  rails,  into  which  a  cogwheel  under  the  engine 
fits.  Some  members  of  our  party  made  frequent  mention  of  certain  sup- 
posed faults  by  which  the  descent  from  the  interior  highland  to  the  ocean 
on  the  east  is  supposed  to  have  been  effected ;  but  when  the  profile  of  the 
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descending  slope  is  drawn  on  true  scale  a  Tery  gentle  warping  without 
fatdting  seems  to  satisfy  all  the  requirements  of  the  case. 

Still  farther  north,  where  our  route  led  from  Salisbury  on  the  highland 
to  Beira  on  the  coast,  we  saw  at  XJmtali,  on  the  border  of  Ehodesia,  a  late 
mature  topography  apparently  eroded  below  the  level  of  the  Salisbury 
highland  by  rivers  that  have  a  comparatively  short  course  to  the  sea.  On 
passing  Umtali  we  descended  rapidly  along  the  valley  of  a  stream  which 
flows  almost  directly  to  the  coast  and  whose  young  headwaters  appeared 
to  be  actively  encroaching  upon  the  broad  valley  floor  in  which  Umtali 
lies.  The  features  at  the  divide  between  the  mature  and  the  young  val- 
ley would  have  afforded  an  admirable  subject  for  study  on  the  ground 
during  our  nine-hour  stop  there ;  but,  as  no  one  seemed  to  have  taken  note 
of  them  before,  our  time  was  spent  chiefly  in  a  walk  to  one  of  the  neigh- 
boring hills,  where  we  had  a  general  view  of  the  surrounding  country, 
and  the  statement  here  made  regarding  the  yoimg  headwaters  is  based 
only  on  what  was  seen  from  our  train  running  fast  down  grade  in  the  late 
afternoon. 

Important  as  may  be  these  several  examples  of  marginal  dissection  by 
the  rivers  of  Natal  and  the  eastern  slope  generally,  and  impressive  as 
may  be  the  example  of  central  dissection  by  the  Zambesi,  it  remains  true 
that  the  highland  peneplains  are  still  undissected  over  large  areas,  and 
that  their  streams  do  not  usually  follow  valleys  in  the  ordinary  sense  of 
that  word,  but  flow  through  broad  shallow  depressions  which  represent  the 
form  assumed  by  valleys  in  their  extreme  old  age. 

ORIGIN  OF  THE  VELD 

Peneplains  are  normally  developed  as  lowlands  with  respect  to  the 
general  baselevel  of  the  ocean  surface.  Such  an  origin  may  be  plausibly 
suggested  for  the  peneplain  of  the  Veld.  It  then  becomes  necessary  to 
conceive  of  the  whole  region  of  the  South  African  highland  as  having 
stood,  without  disturbance,  at  a  lower  level  than  now  through  the  geo^ 
logical  ages  required  for  its  widespread  erosion,  and  to  imagine  that  it 
was  afterward  broadly  elevated  to  its  present  highland  altitude.  In  con- 
sequence of  such  elevation  its  rivers  would  proceed  to  intrench  them- 
selves beneath  its  highland  surface;  and  inasmuch  as  their  intrenchment 
is  not  yet  complete,  it  must  under  this  explanation  be  supposed  that  the 
broad  uplift  of  the  region  took  place  at  a  geologically  modem  date. 

Another  explanation  has,  however,  been  lately  suggested  by  Passarge 
for  high-standing  plains  of  erosion.  He  conceives  that  an  extensive  arid 
region,  from  which  rivers  do  not  flow  to  the  sea,  may  be  slowly  reduced 
to  a  peneplain  of  small  relief,  or  even  to  a  plain,  at  an  altitude  entirely 
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independent  of  the  general  baselevel  of  the  oeean^  and  that  such  a  plain 
might  afterward  be  dissected  if  its  rivers  were  increased  in  volume  by  a 
change  to  a  more  humid  climate  or  if  a  warping  of  the  region  should  give 
it  easy  drainage  to  the  sea.  Passarge  indeed  instances  the  peneplain  of 
the  Kalahari,  which  seems  to  be  in  a  general  way  confluent  with  that  of 
the  Veld,  as  an  actual  example  of  arid  leveling — ^that  is,  of  long  continued 
erosion  under  arid  conditions — ^at  its  present  altitude.  His  opinions  on 
this  point  are  set  forth  in  the  second  and  third  articles  given  under  his 
name  in  the  list  of  references  at  the  end  of  this  paper.  I  have  recently 
presented  some  general  considerations  with  respect  to  this  problem  in  an 
article  entitled  "The  geographical  cycle  in  an  arid  climate.^' 

If  we  accept  Passarge's  explanation,  the  highlands  of  South  Africa 
need  not  be  regarded  as  having  been  elevated  since  they  were  worn  down 
to  small  relief ;  they  may  be  interpreted  as  having  been  produced  at  essen-- 
tially  the  same  altitude  as  that  in  which  they  stand  today.  The  dissec- 
tion which  they  are  now  suffering,  particularly  around  the  margins, 
should  not  be  looked  upon  as  the  result  of  river  revival  by  elevation,  but 
of  river  extension  by  change  of  climate,  or  (especially  on  the  east)  by 
some  downward  tilting  or  warping  of  the  marginal  region  which  would 
aid  the  escape  of  its  rivers  to  the  sea.  It  thus  becomes  an  interesting 
problem  to  inquire  if  any  critical  and  distinguishing  features  can  be  dis- 
covered by  which  the  origin  of  the  South  African  highland  in  one  or  the 
other  of  these  two  ways  may  be  demonstrated. 

There  can  be  no  question  that  much  exploration  is  needed  before  a  final 
demonstration  of  either  normal  baseleveling  or  of  arid  leveling  can  be 
reached.  In  the  meantime  the  following  suggestions  are  offered  for 
consideration. 

THE  VELD   REGARDED  A8  A  NORMAL  PENEPLAIN   UPLIFTED 

If  the  highland  of  the  Veld  be  regarded  as  a  normal  peneplain,  now 
evenly  uplifted,  it  should  possess  well  developed  river  systems,  more  or 
less  fully  revived  in  consequence  of  elevation,  and  it  should  be  sur- 
rounded on  its  ocean  border  by  a  coastal  plain  whose  marine  strata  would 
contain  part  of  the  material  removed  from  the  peneplain  during  its 
degradation.  The  Orange  and  other  river  systems  of  the  Veld  are  there- 
fore expectable  features  of  the  Veld,  according  to  this  theory;  but  the 
pans  or  undrained  hollows  of  the  Veld  are  against  it,  and  the  general  ab- 
sence of  marginal  marine  strata  proves  that  a  broadly  uniform  elevation 
of  the  region  did  not  take  place.  The  only  approach  to  a  coastal  plain  is 
found  along  the  part  of  the  ocean  border  in  Natal. 
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If  the  original  low-lying  peneplain  were  more  or  less  uplifted  by  warp- 
ing and  faulting,  so  that  a  large  central  area  might  reach  a  considerable 
altitude,  while  the  marginal  areas  might  remain  either  quiescent  or  even 
suffer  depression  beneath  the  sea,  no  coastal  plain  of  marine  strata  would 
be  expected  around  the  resulting  continental  border.  The  uplifted  high- 
land area  would  during  and  after  elevation  suffer  dissection  by  its  revived 
river  systems,  particularly  in  those  marginal  areas  where  the  slope  of  the 
river  courses  was  increased  by  the  warping.  Over  the  more  evenly  up- 
lifted highland  there  might  be  for  some  time  little  indication  of  uplift 
in  the  way  of  stream  dissection;  for  a  number  of  examples  of  uplifted 
peneplains  may  be  cited  where,  although  more  or  less  dissection  has  taken 
place  along  the  middle  and  lower  courses  of  the  revived  rivers,  the  upper 
courses  still  flow  essentially  on  the  upland  level  as  if  they  had  not  yet 
received  any  intimation  of  revival.  Nevertheless,  in  the  case  of  so  large 
an  area  as  that  of  the  Veld,  it  is  difficult  to  imagine  an  uplift  to  proceed 
with  such  perfect  equability  as  not  to  disturb  the  delicate  relation  that 
must  have  previously  existed  between  the  well  graded  rivers  of  the  pene- 
plain and  the  gently  sloping  surface  which  they  drained.  Had  there 
been  here  and  there  ever  so  gentle  a  warping,  the  rivers  would  have  had 
to  incise  their  channels  beneath  the  plain  where  their  slopes  were  in- 
creased, and  would  have  had  to  aggrade  the  plain  where  their  slopes  were 
decreased,  thus  reestablishing  the  relation  that  warping  had  disturbed. 
Yet  no  distinct  examples  of  locally  incised  rivers  or  of  broad  alluvial  de- 
posits were  noticed  during  our  journey  of  over  2,000  miles  across  the 
Veld,  unless  it  may  be  that  certain  shallow  valleys  near  Bulawayo  are  thus 
to  be  interpreted,  and  that  the  heavier  local  sheets  of  waste  which  we  saw 
at  a  few  places  should  be  explained  as  the  residt  of  local  down-warping, 
instead  of  being  regarded  as  due  to  long-period  weather  variations,  as  has 
already  been  suggested;  but  these  deposits  are  at  most  of  small  extent. 
As  a  rule,  the  absence  of  incision  and  of  deposition  would  seem  to  dis- 
prove the  occurrence  of  warping  since  peneplanation,  and  thus  to  render 
broad  elevation  also  rather  improbable. 

It  might,  however,  be  suggested  that  the  elevation  of  the  region  took 
place,  with  more  or  less  warping,  so  long  ago  that  later  erosion  has  again 
smoothed  it  out  to  a  new  peneplain ;  but  in  that  case  one  might  well  ex- 
pect that  the  dissection  of  the  peneplain  as  a  whole  with  respect  to  present 
sealevel  should  be  more  advanced  than  it  is.  Indeed,  it  is  a  necessary 
corollary  of  the  moderate  amount  of  dissection  that  the  Veld  as  a  whole 
exhibits  with  respect  to  present  baselevel  than  any  elevation  that  it  has 
suffered  since  peneplanation  can  not  have  taken  place  at  a  very  remote 
date. 
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In  80  far  as  I  have  been  able  to  gain  information  as  to  the  dissection 
of  the  plain  around  its  margin,  it  is  of  a  kind  that  is  equally  consistent 
with  the  central  up-warping  of  a  former  low  lying  peneplain,  or  with  the 
marginal  down-warping  of  an  extensive  area  of  arid  leveling.  The  head- 
waters of  various  rivers  that  rise  in  the  southern  part  of  the  Yeld  and  flow 
southward  across  the  Karroo  and  through  gaps  in  the  Cape  Colony  ranges^ 
to  the  southern  coast  seem  to  have  eroded  normal  valleys  of  moderate* 
depth  beneath  the  highland.  The  retrogressive  headwaters  of  the  east- 
em  slope  have  been  described  in  previous  sections  as  energetically  occu- 
pied with  the  capture  of  quiescent  headwaters  from  the  Orange  River 
system.  But  this  is  also  just  what  might  have  been  expected  under  the 
supposition  of  marginal  down-warping  after  extensive  arid  leveling.  It 
is,  of  course,  possible  that  the  fuller  description  of  the  lower  course  of  the 
Orange  river  may  give  some  light  on  this  obscure  point.  It  is  known 
that  falls  occur  in  the  lower  course  of  the  river,  as  already  mentioned ;  but 
the  relation  of  the  falls,  and  of  the  gorges  that  are  presumably  associate<l 
with  them,  to  the  uplands  and  highlands  is  not  yet  made  out. 

There  is,  however,  one  decisive  test  which,  when  applied,  would  suflice 
to  determine  whether  the  Veld  and  the  associated  highlands — that  is,  the 
great  interior  mass  of  South  Africa — ^has  sufTered  a  change  of  altitude 
with  respect  to  sealevel  since  it  was  reduced  to  its  present  small  relief. 
This  test  is  the  occurrence  of  indisputable  marine  strand  lines  around 
the  continental  margin.  Such  marks  of  a  former  seashore  are  reported 
by  Schwarz  as  occurring  along  the  southern  coast  in  the  neighborhood  of 
Port  Elizabeth  at  altitudes  of  from  200  to  400  feet.  A  sea-cut  bench 
at  that  altitude  is  described  as  being  "covered  with  undoubted  marine 
shingle  .  .  .  sometimes  associated  with  shell-deposits  characterized 
by  a  large  Petunculus'^  (c.  74).  As  to  the  occurrence  of  similar  high 
level  sea  margins  in  Natal  where  they  would  be  more  directly  applicable 
to  the  problem  in  hand,  I  have  no  information.  They  should  be  sought 
for,  inasmuch  as  it  is  evident  that  they  bear  critically  on  the  conditions 
under  which  the  erosion  of  the  Veld  was  accomplished.  But  it  should 
be  pointed  out  in  this  connection  that  the  various  "plateaus"  or  evenly 
eroded  uplands  of  subaerial  origin,  now  more  or  less  dissected  by  rivers, 
which  are  reported  in  association  with  the  Cape  Colony  ranges,  are  not 
decisive  witnesses  in  this  respect ;  for  they  may  have  been  eroded  at  their 
present  altitude  with  respect  to  a  distant  shoreline  before  the  sea  wa-» 
brought  in  to  its  present  position  by  down-warping  or  down-faulting  of 
the  lost  borderland  of  the  continent. 
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The  possibility  of  arid  leveling  may  now  be  considered  in  relation  to  the 
Veld. 

THE  VELD    REGARDED  AS  A  PLATN  OP  ARID  LEVELING 

If  the  highland  of  the  Veld  be  regarded  as  part  of  a  region  of  arid 
leveling  essentially  at  its  present  altitude,  the  whole  region  must  surely, 
while  the  processes  of  leveling  were  going  on,  have  had  a  much  larger 
continental  area  than  that  of  South  Africa  at  present ;  for  the  theory  of 
arid  leveling  at  altitudes  independent  of  the  general  baselevel  of  the  ocean 
necessarily  presupposes  that  the  leveling  processes  acted  over  an  area  so 
large  that  the  headward  erosion  of  outflowing,  peripheral  rivers  could  not 
make  itself  felt.  If  the  area  concerned  were  small,  the  capture  of  the 
interior  drainage  systems  by  the  peripheral  rivers  would  permit  the  gen- 
eral degradation  of  the  arid  area  with  respect  to  normal  baselevel  before 
it  could  be  leveled  at  some  independent  altitude,  and  thus  only  an  ordi- 
nary peneplain  would  be  produced.  The  highland  of  Tibet  may  be  ad- 
duced in  illustration  of  this  principle.  Before  the  mountains  and  basins 
of  that  lofty  interior  region  can  be  worn  down  to  a  continuous  rock  floor 
of  nearly  level  surface,  the  headwaters  of  the  steep  outflowing  Indian 
rivers  will  have  retrogressively  gnawed  into  the  plateau  country  and  cut 
it  to  pieces,  preparatory  to  reducing  it  to  a  normal  lowland  but  little 
above  sealevel,  always  provided  that  some  new  mountain-making  disturb- 
ance does  not  invade  the  region  and  thus  introduce  a  new  cycle  of  erosion 
under  different  conditions  of  high  and  low  land  from  those  now  prevailing. 

It  is  therefore  necessary,  if  we  accept  the  theory  of  arid  leveling,  to 
regard  the  Veld  as  only  a  large  remnant  of  a  once  much  larger  highland 
whose  marginal  parts  have  been  warped  or  faulted  down  beneath  sealevel. 
This  aspect  of  the  problem  will  be  considered  in  the  next  section. 

The  large  and  well  ordered  Orange  River  system,  already  signalized  as 
very  appropriate  to  an  uplifted  peneplain,  is  hardly  consistent  with  the 
conditions  of  arid  leveling;  for  the  later  stages  of  an  arid  cycle  are 
thought  to  be  characterized  by  the  disintegration  of  the  larger  drainage 
systems  that  might  have  existed  during  the  maturity  of  the  cycle.  How- 
ever, the  occasional  interruption  of  the  actual  drainage  system  by  shallow 
depressions  or  "pans"  favors,  or  at  least  permits,  the  explanation  of  the 
Veld  by  arid  erosion,  and  if  further  study  of  the  pans  show  them  to  be  of 
eolian  origin,  it  may  come  to  be  concluded  that  the  occurrence  of  a  large 
normal  drainage  system  on  the  Veld  today  is  the  result  of  the  coalescence 
and  slight  modification  of  many  formerly  independent  drainage  systems, 
in  consequence  of  a  change  from  a  hypothetically  more  arid  climate  of 
former  times  to  a  presumably  more  humid  climate  of  recent  times. 
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PaBsarge  places  much  emphasis  on  the  ahmpt  transition  between  hill 
slope  and  plain  surface  as  a  feature  explicable  only  on  the  supposition  of 
erosion  under  an  arid  climate.  We  saw  scTeral  rather  striking  examples 
of  this  kind  in  the  district  of  the  Matopos  near  Bulawayo  and  also  along 
the  eastern  border  of  the  Kalahari  region,  which  we  passed  on  the  rail- 
way, and  were  disposed  to  regard  Passarge's  explanation  of  them  as  cor- 
rect ;  but  it  does  not  follow  that,  because  the  erosion  of  these  plains  was 
carried  on  under  an  arid  climate,  they  were  therefore  developed  inde- 
pendent of  normal  baselevel.  There  are  several  arid  regions  in  the  world 
close  to  the  seacoast  where  erosion  is  proceeding  today  with  respect  to 
the  ocean  as  a  baselevel,  and  it  does  not  seem  inconceivable  that  the  ero- 
sion of  the  Veld,  even  imder  a  more  arid  climate  than  that  of  today,  may 
have  been  accomplished  by  one  or  more  river  systems  which,  when  they 
had  water  to  run,  flowed  to  the  sea,  and  that  the  present  altitude  of  the 
region  has  been  gained  by  later  elevation. 

A  pertinent  suggestion  offered  by  Chamberlin  is  as  follows:  Conti- 
nental quietude  being  assumed,  it  then  follows  that,  even  if  the  climate 
of  South  Africa  had  long  been  dry  enough  to  permit  the  arid  leveling  of 
the  Veld,  the  contemporaneous  climate  of  the  equatorial  belt  must  have 
been  moist  enough  to  supply  outflowing  rivers;  and  these  would  have 
produced  a  low-lying  peneplain  by  normal  processes  in  the  same  period 
that  sufficed  for  the  production  of  the  high-lying  Veld  by  arid  processes. 
The  equatorial  belt  of  Africa  is,  however,  not  a  lowland  but  a  highland, 
and  its  chief  river,  the  Kongo,  has  falls  near  its  mouth.  Relatively  recent 
uplift  is  thus  indicated  with  a  great  degree  of  probability  in  the  Kongo 
basin,  the  fundamental  postulate  of  continental  quietude  is  thereby  con- 
tradicted, and  the  probability  of  uplift  in  South  Africa  is  greatly  in- 
creased. The  only  escape  from  this  conclusion  seems  to  be  a  change  of 
climate  sufficient  to  make  even  equatorial  Africa  arid;  but  this  goes  be- 
yond the  bounds  of  reasonable  occurrence.  The  peneplanation  of  the 
Veld  at  its  present  altitude  consequently  seems  improbable. 

It  remains,  however,  to  consider  one  aspect  of  the  matter  which  may 
eventually,  when  the  more  complete  history  of  South  Africa  is  worked 
out,  come  to  be  favorable  to  the  supposition  of  arid  leveling,  namely,  the 
former  greater  extension  of  the  continent. 

THE  FORMER   GREATER   EXTENSION   OF  SOUTH  AFRICA 

It  has  been  frequently  suggested  that  South  Africa  once  possessed  a 
greater  land  extension  to  the  east,  south,  and  west.  There  appear  to  be 
many  facts  in  favor  of  this  view.  If  the  continent  were  once  larger,  the 
area  of  the  present  highlands  must  then  have  been  drier  than  now,  and 
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tinder  such  conditions  the  peneplanation  of  the  highlands  by  the  processes 
of  arid  erosion  might  well  have  taken  place.  Since  then  the  depression  of 
the  outer  area  would  have  brought  the  sea  in  to  the  present  coastline  and 
would  have  at  the  same  time  given  both  a  more  humid  climate  to  the  re- 
maining highlands  and  an  effectively  lower  baselevel  to  their  rivers,  and 
thus  the  dissection  of  the  highland^  now  in  progress,  would  have  been 
initiated.  The  evidence  of  the  former  greater  extension  of  South  Africa 
now  to  be  presented,  as  the  first  step  in  this  series,  may  not  be  regarded 
as  absolutely  conclusive,  but  it  is  certainly  highly  suggestive  and  deserv- 
ing of  further  study. 

First,  in  regard  to  the  heavy  sandstones  of  the  Cape  system:  "J'he 
source  of  these  sediments  is  not  surely  known,  but  the  curious  analogy 
already  pointed  out  between  the  folded  structure  of  the  Cape  Colony 
ranges  and  the  folded  structure  of  the  Alleghenies  in  the  eastern  United 
States  tempts  one  to  think  that  the  sediments  of  the  Cape  system  may 
have  come,  in  part  at  least,  from  the  south  or  beyond  the  border  of  the 
present  continent.  In  the  Alleghenies,  as  in  the  ranges  of  southernmost 
Africa,  a  heavy  series  of  stratified  rocks  has  been  pushed  into  parallel 
folds  over  part  of  their  area,  while  the  remaining  area  of  the  series  still 
preserves  its  original  horizontality  with  insignificant  modification  in  an 
adjoining  plateau,  overturned  folds  and  overthrust  faults  in  both  of  the 
mountain  belts  being  directed  toward  the  plateau  area.  In  the  Alle- 
ghenies the  source  of  the  sediments  was  demonstrably  on  that  side  of  the 
folded  belt  which  lies  away  from  the  plateau  area,  and  if  this  analogy 
has  any  value  the  source  of  the  sediments  in  the  South  African  ranges 
should  also  be  on  the  side  away  from  the  plateau — that  is,  in  a  former 
land,  now  submerged  in  the  ocean  to  the  south  of  the  present  continent. 

A  second  point  to  be  considered  concerns  the  geographical  conditions 
prevailing  during  the  deposition  of  the  heavy  series  of  strata  of  the  Kar- 
roo system,  certainly  of  great  thickness  in  its  area  of  greatest  accu- 
mulation. The  entire  series  is  free  from  marine  sediments;  it  begins 
with  the  remarkable  Dwyka  glacial  formation,  and  then  continues  as  a 
great  series  of  continental  deposits,  containing  fossils  of  land  plants  and 
land  animals.  The  stratified  beds  of  the  Karroo  system,  like  so  many 
other  continental  deposits,  have  been  explained  as  of  lacustrine  origin, 
but  they  are  much  more  plausibly  regarded  as  of  mixed  lacustrine  and 
fluviatile  origin.  Their  sediments  imply  a  vast  erosion  from  the  con- 
temporaneous higher  peripheral  areas  and  an  accompan}'ing  slow  depres- 
sion of  the  central  area  or  basin  of  deposition.  There  is  little  probability 
that  highlands  then  existed  next  north  of  the  present  area  of  the  Karroo 
system,  for  in  that  district  the  older  Waterberg  sandstones  (presumably 
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equivalents  of  the  Cape  system)  still  lie  horizontal.  To  the  northwest 
and  west  the  older  rocks  are  disturbed  and  highlands  may  well  have  ex- 
isted thereabout  in  Karroo  time;  but  it  is  also  probable  that  the  Karroo 
basin  was  inclosed  by  higher  land  to  the  southeast,  where  the  Indian 
ocean  now  stretches;  for,  as  has  already  been  pointed  out,  the  oblique 
stretch  of  coast,  trending  northeast-southwest,  distinctly  bevels  off  a 
former  greater  exteuBion  of  the  continent  in  that  direction.  Indeed,  in 
so  far  as  this  reconstruction  of  the  physiography  of  Karroo  time  is  valid, 
it  warrants  the  comparison  of  the  Karroo  strata  with  the  continental 
deposits  now  accumulating  in  the  Tarim  basin  of  eastern  Turkestan  or 
with  the  less  distinctly  inclosed  deposits  of  western  Turkestan.  The 
change  from  that  time  to  the  present  must  therefore  involve  a  consider- 
able reduction  of  continental  area.  It  may  be  briefly  pointed  out  that 
the  present  relation  of  the  Karroo  formation  in  the  Veld  to  so  much  of 
its  original  surroundings  as  are  now  visible  is  such  as  would  obtain  in  a 
rather  late  stage  of  the  development  of  a  great  continental  basin,  when 
the  inclosing  highlands  and  the  accumulated  basin  deposits  are  both  cut 
across  by  a  nearly  level  plain  of  erosion,  which  passes  somewhat  below  the 
uppermost  of  the  basin  strata,  and  hence  all  the  more  below  the  tops  of 
the  inclosing  highlands;  but  so  great  a  part  of  the  rim  of  the  Karroo 
basin  is  now  lost  that  speculation  about  it  can  not  lead  to  any  definite 
conclusion. 

Still  further,  the  continent  seems  to  have  been  larger  than  now  when 
the  Cape  and  the  Karroo  systems  were  deformed  as  well  as  when  they 
were  accumulating.  The  most  manifest  evidence  of  this  statement  is  to 
be  found  along  the  oblique  northeast-southwest  stretch  of  the  coast  in 
eastern  Cape  Colony  and  southern  Natal.  Here  the  sea  cuts  off  the  east- 
em  ends  of  several  east-and-west  members  of  the  Cape  Colony  ranges, 
part  of  the  relatively  undisturbed  basin  sediments  of  the  Karroo  system, 
and  the  southern  end  of  the  north-and-south  structures  of  Xatal.  The 
rest  of  the  coast  of  Natal  as  well  as  the  southern  coast  of  Cape  Colony 
present  less  apparent,  but  hardly  less  certain,  evidence  of  a  former  ex- 
tension seaward,  for  their  structures  are  repeatedly  truncated  by  the  sea 
in  such  a  fashion  as  to  show  a  loss  of  land  area.  On  the  southwest  the 
general  increase  in  altitude  of  the  Table  Mountain  sandstone^  as  one 
proceeds  from  the  north-south  Cedarbergen  range  toward  the  Atlantic, 
makes  it  very  improbable  that  the  land  terminated  at  the  present  coast- 
line when  the  deformations  of  the  Cape  system  took  place. 

Thus  it  appears  that  possibly  during  the  time  of  accumulation  of  the 
formations  of  the  Cape  system,  probably  during  the  time  of  accumula- 
tion of  the  formations  of  the  Karroo  system,  and  certainly  during  and 
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after  the  time  of  deformation  of  these  systems^  South  Africa  had  a 
greater  extension  on  the  east,  south,  and  west  than  it  has  now. 

Fully  as  important  as  any  of  the  preceding  considerations  are  the 
inferences  as  to  a  former  greater  extension  of  South  Africa,  based  on  the 
distribution  of  fossil  and  recent  plants  and  animals,  as  discussed  by 
various  geologists  and  biologists ;  but  this  aspect  of  the  problem  will  not 
be  further  stated  here. 

In  view  of  all  these  suggestive  inferences,  it  is  at  least  highly  probable 
that  the  Veld  was  formerly  bordered  on  the  east,  south,  and  west,  as  it  is 
still  on  the  north,  by  a  large  extent  of  land.  TSius- surrounded,  the  cli- 
mate of  the  region  would  have  been  drier  than  it  is  now.  It  then  seems 
possible  that  the  combination  of  these  two  conditions,  greater  area  and 
drier  climate,  both  of  which  are  essential  to  the  accomplishment  of  arid 
leveling  independent  of  normal  baselevel,  along  with  the  third  essential 
of  a  long  undisturbed  quiescence,  may  have  suflSced  to  produce  the  high- 
land peneplain  in  about  its  present  altitude  by  the  processes  of  arid 
erosion,  and  that  the  dissection  which  is  now  beginning  may  be  the  result, 
not  of  the  elevation  of  the  Veld  itself,  but  of  a  down-warping  of  its  bord- 
ers, with  the  accompanying  change  to  moister  climate,  whereby  many 
formerly  interior  drainage  systems  might  have  been  given  free  and  steep 
discharge  to  the  sea. 

It  next  remains  to  be  seen  whether  the  date  at  which  such  down- 
warping  could  have  taken  place  is  consistent  with  the  relatively  moderate 
amount  of  dissection  that  the  Veld  has  since  then  suffered. 

DATE  OF  ORIGIN  OF  THE  PRESENT  COASTLINE 

The  occurrence  of  Cretaceous  strata  with  marine  fossils  along  the 
southern  and  eastern  coasts  shows  that  those  parts  of  the  continent  at 
least  lay  close  to  or  a  little  below  sealevel  in  Cretaceous  time.  Hence,  if 
the  interior  highland  was  eroded  at  its  present  height  as  a  part  of  a  larger 
continental  area,  the  rest  of  which  has  been  bent  down  so  as  to  bring  the 
sea  closer  to  the  area  of  the  existing  highland  than  it  was  originally,  the 
diminution  of  size  must  have  taken  place  at  least  as  long  ago  as  early 
Cretaceous  time.  As  a  result,  the  eastern  border  of  the  highland  must 
have  been  exposed  to  active  retrogressive  erosion  all  through  the  Tertiary 
time.  If,  on  the  other  hand,  the  highland  owes  its  present  altitude  to 
uplift  after  normal  peneplanation,  the  date  of  uplift  may  be  associated 
with  the  movement  by  which  the  marine  Cretaceous  formations  were  ex- 
posed along  the  eastern  and  southern  coasts;  and  this  movement  may 
have  taken  place  in  any  part  of  post-Cretaceous  time  except  the  most 
recent.     The  question  now  to  be  determined  is  whether  the  more  ancient 
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or  the  less  ancient  date  for  the  origin  of  the  eastern  and  southern  coast- 
line accords  better  with  the  amount  of  erosion  that  has  since  then  been 
accomplished  on  the  coastal  slopes. 

CONCLUBION  AS  TO  THE  ORIGIN  OF  TUB  VELD 

The  alternatives  thus  presented  are  clearly  enough  separated  as  far  as 
their  mental  conception  is  concerned ;  but,  in  our  present  ignorance  of  the 
rate  at  which  retrogressive  erosion  goes  on,  it  seems  hardly  possible  to 
make  choice  between  the  two  possible  conditions  under  which  the  plana- 
tion  of  the  Veld  took  place.  .  If  a  comparison  of  the  Veld  with  the  Ari- 
zona plateaus  is  legitimate,  the  result  of  the  comparison  would  be  in  favor 
of  a  later  date  than  Cretaceous  for  the  initiation  of  the  eastern  escarpment 
or  continental  slope  from  the  Veld  to  the  Indian  ocean;  for  if  a  wide- 
spread erosion,  reducing  a  great  extent  of  country  to  a  lowland  (afterward 
elevated  to  plateau  altitude),  took  place  in  Arizona  in  post-Eocene  time,  it 
would  be  expected  that  a  great  reduction  of  a  highland  would  have  taken 
place  in  Natal  in  both  Cretaceous  and  Tertiary  time.  It  is  true  that  the 
rocks  are  not  the  same  in  the  two  regions ;  but,  as  far  as  the  comparison 
enables  one  to  judge,  the  erosion  of  the  eastern  escarpment  of  the  Veld  is 
less  than  might  be  expected  for  the  work  of  much  of  Cretaceous  and  all  of 
Tertiary  and  post-Tertiary  time.  For  this  reason,  as  well  as  for  that 
based  on  the  features  of  the  Kongo  basin,  it  seems  improbable  that  the 
erosion  of  the  Veld  was  accomplished  by  the  processes  of  arid  leveling  at 
its  present  altitude.  It  is,  however,  still  conceivable  that  the  Veld  is  the 
product  of  arid  erosion  while  the  continent  stood  at  a  less  altitude  than 
that  of  today,  and  that  the  arid  plain  has  been  elevated  and  its  discharg- 
ing marginal  rivers  have  been  revived  in  the  manner  described  for  the 
case  of  a  normal  peneplain.  No  decisive  choice  seems  possible  at  present 
among  these  baffling  alternatives. 

Continental  Analogies 

The  preceding  paragraphs  suggest  a  brief  reference  to  a  favorite  topic 
among  geographers,  namely,  the  greater  or  less  resemblance  between  dif- 
ferent continents,  which  has  often  been  taken  to  reveal  something  of  the 
plan  of  continental  construction  or  even  of  terrestrial  deformation.  Anal- 
ogies of  this  kind  were  pointed  out  long  ago,  before  much  was  known  of 
geological  structure.  They  were  then  based  chiefly  on  continental  out- 
line, with  a  brief  supplement  of  gross  continental  topography.  With  the 
progress  of  geological  study,  some  of  these  analogies  have  gained  support, 
others  have  been  shown  to  have  little  or  no  foundation,  while  some  new 
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analogies,  not  previously  suspected,  have  been  brought  to  light.  Among 
those  which  find  support  from  the  facts  of  geological  history  is  the  anal- 
ogy between  North  and  South  America,  where  a  significant  number  of 
sjrmmetrically  placed  subcontinental  areas  appear  to  be  of  rather  similar 
geological  development.  Indeed,  it  may  be  fairly  pointed  out  that  the 
•chief  contrasts  between  these  two  typical  continents  do  not  result  so  much 
from  differences  in  their  geological  constitution  as  from  differences  in 
their  position  with  respect  to  the  climatic  belts  whereby  the  South  Amer- 
ican analogue  of  the  frozen  northern  parts  of  North  America  lie  within 
the  torrid  zone,  and  whereby  the  South  American  analogue  of  tropical 
Central  America  projects  far  into  the  inhospitable  belt  of  the  south  tem- 
perate zone  and  has  glaciers  on  its  shores  instead  of  coral  reefs.  Among 
the  new  analogies  that  geology  has  brought  to  light  is  that  most  striking 
one  between  Eurasia,  taken  as  a  whole,  and  North  America ;  but  here  the 
repetition  of  similar  features  is  symmetrical  right  and  left,  about  an 
Atlantic  axis.  It  is  from  this  analogy  that  one  finds  the  best  means  of  de- 
termining that  Europe  and  Asia  should  not  be  regarded  as  two  separate 
continents,  although  they  certainly  should  be  regarded  as  two  "grand 
divisions"  of  the  lands ;  for  on  matching  the  corresponding  parts  of  the 
questionable  single  or  double  continent  of  Europe  and  Asia  with  the  cor- 
responding parts  of  the  unquestionably  single  continent  of  North  Amer- 
ica it  is  found  that  Europe  matches  only  the  eastern  part  of  North 
America,  and  that  a  large  part  of  Asia  is  needed  in  supplement  before  the 
western  part  of  North  America  finds  its  analogue.  In  all  such  compari- 
sons the  unlikenesses  are  not  to  be  overlooked.  They  are  numerous  and 
striking  in  the  analogy  just  mentioned  between  North  America  and 
Eurasia;  but  the  likenesses,  not  merely  in  outline,  but  in  geological  his- 
tory and  structure,  are  still  more  striking  and  give  strong  support  to  the 
possibility  of  their  resulting  from  a  similar  series  of  terrestrial  processes. 
Among  the  analogies  of  outline  which  find  no  support  in  geological 
structure  and  history  is  the  one  between  South  America  and  Africa.  The 
elements  of  likeness,  long  ago  pointed  out,  are  that  both  these  continents 
become  narrower  toward  their  southern  extremity,  to  the  east  of  which 
lies  a  large  island.  The  broad,  blunt  termination  of  Africa  is  thus  likened 
to  the  tapering  southern  end  of  South  America,  and  the  large  subconti- 
nental island  of  Madagascar  is  matched  with  the  Falkland  Island  group. 
There  is  nothing  in  South  Africa  to  parallel  the  lofty  and  modem  chain 
of  mountains  that  forms  the  border  of  South  America  on  the  west,  nor 
with  the  extensive  plains  of  later  geological  formations  that  in  South 
America  slope  toward  the  eastern  coast.  There  is  nothing  in  southern 
South  America  to  compare  to  the  long  undisturbed  highland  of  the  Veld, 
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eroded  on  Mesozoic  or  older  rocks;  nothing  to  parallel  the  well  defined 
east-and-west  ranges  of  Cape  Colony  compressed  and  folded  in  Mesozoic 
time  and  since  then  little  disturbed.  South  America  has  gained  breadth 
by  relatively  modem  growth ;  South  Africa  has  lost  breadth  by  relatively 
modem  marginal  submergence. 

The  result  of  all  this  is  that  continental  homologies  should  no  more  be 
based  merely  on  present  outline  and  gross  configuration  than  should 
etymological  analogies  be  based  on  the  present  appearance  of  words.  The 
establishment  of  a  historical  correspondence  is  necessary  in  both  cases 
before  any  real  analogue  can  be  accepted.  The  assumption  that  South 
America  and  South  Africa  are  analogous  continents  is  on  a  par  with  the 
assumed  etymological  relationship  between  carbon  and  charred  bone.  On 
the  other  hand,  the  search  for  continental  analogies  based  on  similarity 
of  development  may  bring  to  light  close  relationships  that  would  be  as 
little  suspected  from  outward  appearance  as  would  be  the  consanguinity 
of  such  words  as  pecuniary  and  fee. 
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Explanation  of  Plates 

Plate  47. — Gorffe  of  Buff  els  River  and  Base  of  Witteherff  Ranffe 

FiouBB  1. — Entrance  to  the  gorge  of  Buffels  river,  south  of  Laingsburg,  looking 
south. 
The  Witteberg  series  is  here  bent  into  an  unsymmetrical  anti- 
cline, the  axis  of  which  crosses  the  river  near  its  farthest 
point  here  shown;  the  strata  on  the  farther  side  dip  gently 
southward;  those  on  the  nearer  side  are  about  vertical. 
Greatly  distorted  strata  were  seen  on  the  left  wall  of  the 
notch,  just  below  tlie  entrance  (see  page  390). 

FioxTBB  2. — ^Northern  base  of  the  Witteberg  range,  Just  above  the  gorge  of 
Buffels  river,  looking  southeast 
The  weaker  upper  members  of  the  Witteberg  series  liere  fomi 
foothills.    The  Dwyka  tillite  forms  a  ridge  on  the  left,  not 
shown  in  this  view  (see  page  391). 

Plate  48. — Defonned  Witteberg  Series  and  cobble-covered  Terrace 

FiovKB  1. — Qreatly  deformed  Witteberg  series,  on  east  wall  of  lower  gorge  of 
Buffels  river,  south  of  Laingsburg. 
This  view,  which  is  looking  northeast,  occupies  the  central  part 
of  figure  5  (see  page  392). 

FiouBE  2. — Ck>bble-covered  terrace  or  planation  surface,  southwest  of  Laings- 
burg, looking  south. 
This  shows  the  Witteberg  range  in  the  background.    The  val- 
leys of  Buffels  river  and  its  tributaries  are  now  from  300  to 
500  feet  below  this  terrace  (see  page  397). 

Plate  49. — Table  Mountain  Sandstone  and  Matopos 

FiouBB  1. — ^Table  Mountain  sandstone  in  the  southern  part  of  (}edarbeigen 
range. 
The  view  looks  east  from  the  upper  valley  of  Berg  river.    The 
valley  is  worn  down  on  the  weak  axial  beds  of  a  north-south 
anticline  (see  page  395). 

FiouBK  2.— Group  of  Matopos,  southwest  of  Bulawayo. 

This  is  a  disintegrating  granite  knob,  surmounting  a  wide^Mread 
plain  of  erosion  (see  page  429). 
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Flc;rBE    1. KXTRAXCE    TO    THE    (JoK<;E    of    BUFFKF.S     UlVEIl,     SOITII     OF     liAIXOSBURG,     LOOKING     SoUTH 


FiGCRE   2. NORTHERN'    BASE   OF    THE    WlTTKI'.Enf;    HaxOE.   .TLST    ABOVE    THE    GOROE    OP    Bl'FFELS    RiVER, 

LOOKIXG    Sol TH EAST 


(JORGE  OF  BUFFELS  RIVER  AND  BASE  OF  WITTEBERG  RANGE 
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FlCiLRE     1. GUEATLY     DKFOKMED     WlTTEBERG     SEBIES,    OX     EAST     WALL    OF     LOWEU    GORGE     OF     BlFFELS 

KivER,  South  of  Laingsburg 


FiGUBE    2. COBBLB-COVKBED    TERRACE    OR    PLANATIO.N     SURFACE,    SuLTlIWEST    OF    LAINGSHURG,     LOOKINMi 

South 


DEFORMED  WITTEBERG  SERIES  AND  COBBLE-COVERED  TERRACE 
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Figure  1. — Table  Muixtaix  Sandstone  in  the  soitheun   1»art  ok  Cedaiikeuukn   Range 


Figure  2. — One  of  the  Matopos,  Southwest  of  Bulawayo 
TABLE  MOUNTAIN  SANDSTONE  AND  MATOPO 


EXPLANATION  OF  PLATES  449 


Plate  aO.—Dwyka  Tillite  and  Witteherg  Notch 

FiouBE  1. — A  weathered  slope  of  Dwyka  tillite.  near  Matjesfoutein. 

,  The  sheet  of  tillite  slopes  to  the  left  and  weathers  in  spiked 
outcrops  on  a  faintly  developed  schistosity  transverse  to  the 
sheet.  In  the  distance,  the  west  end  of  a  synclinal  ridge  of 
overlying  Ecea  sandstones  (see  page  403). 

Figure  2. — One  side  of  the  poort,  or  notch,  of  Witteherg  river,  southwest  of 
Laingsburg. 
The  notch  is  in  a  nearly  vertical  sheet  of  Dwyka  tillite,  looking 
east.  The  attitude  of  the  sheet  is  indicated  by  a  layer  of 
conglomerate  Included  In  It,  near  the  left  margin  of  the  view, 
as  well  as  by  the  attitude  of  bedded  shales  In  the  adjoining 
valley.  The  transverse  schistosity  Is  here  well  displaye$l  by 
weathering  (see  page  404). 


Plate  51. —DicyAra  Shales  and  Dwyka  Tillite 

KiuuBE  1. — Vertical  Dwyka  shales. 

The  shales  are  Included  between  heavy  sheets  of  tillite  south- 
west of  Laingsburg,  looking  eastward.  The  white  blocks  are 
fragments  of  Witteherg  quartzite  from  the  terrace  or  planatlon 
surface  which  here  tnmcates  the  vertical  Dwyka  (see  plate 
48,  figure  2,  and  page  405). 

FiGUKE  2. — Characteristic  exposure  of  Dwyka  tillite. 

The  exposure  Is  In  a  ravine  north  of  Ngotsche,  Vryhelt,  Natal 
(see  page  407). 


Plate  52. — Eroded  Valleys  and  Ridges  and  glaciated  Boulder 

Figure  1. — Ridges  and  valleys  eraded  on  nearly  vertical  sheets  of  Dwyka  tlUlte 
and  shales. 
The  view  Is  southwest  of  Laingsburg,  looking  west-northwest. 
The  valley  on  the  left  is  eroded  on  the  basal  shales ;  the  valley 
on  the  right  follows  a  weaker  belt  of  tillite  between  two 
harder  belts.  The  continuity  of  these  structural  features 
may  he  Inferred  from  the  continuance  into  the  distance  of  the 
features  of  relief  dependent  on  them.  The  poort,  or  notch 
(shown  In  plate 50,  figure  2)  Is  cut  through  the  middle  ridge 
of  this  view  where  the  road  from  the  southern  valley  passes 
through  to  the  northern  valley  (see  pages  397  and  404). 

Figure  2. — A  glaciated  boulder  of  Barberton  slate. 

The  boulder  Is  in  a  ravine  north  of  Ngotsche,  Vryhelt.     The 
hammer  handle  Is  half  a  meter  long  (see  page  408). 
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Plate  53. — Dwyka  Tillite  and  glaciated  Barbertan  Slates 

Figure  1. — Ck>iitact  of  Dwyka  tillite,  left  foreground,  against  a  glaciated  sur- 
face of  Barbertoii  slates. 
This  exposure  is  in  a  ravine  nortb  of  Ngotsehe,  Vryheit,  looking 
northwest.  The  inclination  of  the  surface  of  contact  is  an 
original  feature,  not  due  to  subsequent  tilting.  The  glacial 
striations  on  the  slates  descend  to  the  left;  they  are  faintly 
seen  because  the  sunshine  came  in  the  same  direction.  Pen<*k 
is  standing  on  the  upper  ledge  and  Molengraatf  to  the  right 
below  (see  page  407). 

Figure  2. — A  glaciated  surface  of  Barberton  slates  overlaid  by  Dwyka  tillite. 
This  exposure  is  in  a  ravine  nortb  of  Ngotsche,  Vryheit,  looking 
north.    Penck  stands  on  the  Dwyka  tillite,  Molengraaff  stands 
across  the  contact,  and  Hobson  is  on  the  Barberton  slates  (see 
page  407). 


Plate  54. — Glaciated  Diabase 

Figure  1. — Deeply  fnrrowe<l  glaciated  surface  of  diabase. 

The  Dwyka  tillite  has  i^ecently  been  stripped  from  the  diabaKc\ 
The  view  is  on  the  Vaal  river,  near  Rivertou.  16  miles  north 
of  Kiniberley.  looking  east -northeast.  The  ice-movement  \^as 
toward  the  foreground.  Some  of  the  tillite  remains  in  the 
right-hand  furrow.  From  a  photograph  by  Professor  R.  R. 
Young,  of  Johannesburg  (see  page  412). 

Figure  2. — Glaciated  surface  of  diabase. 

The  picture  is  fi-oni  the  same  locality  as  tlie  preceding  view. 
The  ice-movement  was  toward  the  background.  A  patch  of 
tillite  remains  on  the  diabase  at  the  farther  end  of  the  ledge. 
From  a  photograph  by  I^rofessor  R.  B.  Young,  of  Johannes- 
burg (see  page  412). 
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Figure  1. — A  wkatiikred  Si.dpk  of  Dwyka  Tillite,  near  Matjeskoxteix 


FiouBB  2. — One  Side  op  the  Poobt,  ob  Notch,  of  Witteberg  River,  Southwest  of  Laixgsburq 

DWYKA  TILLITE  AND  WITTEBERG  NOTCH 
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FlOCTRE  1. UlDGES  AND  VALLEYS  ERODED  OX   NEARLY    VERTICAL   SHEETS  OF   I>WYKA   TiLLITE  AND   SHALES 


Figure  8. — A  (;laciated  Boulder  of  Baruebto.v  Slate 
ERODED  VALLEYS  AND  RIDGES  AND  QIACIATED  BOULDER 
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Figure    1. — Co.vtact    of    Dwyka    Tillitk,    lkft    Fouk^round,    against   a    glaciated    SiiRfack 

OF  Barukutov  Slatks 


Figure  *J. — A  glaciated  Surface  of  Barbertox  Slates  ovkulaid  by  Dwyka  Tillite 
DWYKA  TILLITE  AND  GLACIATED  BARBERTON  SLATES 
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Figure  1. — Dkhply  fiurowed  glaciated  Siiiface  of  Diabase 


FlGlBE    2. GLACIATLD    SURFACE    OF    DiABASE 

GLACIATED  DIABASE 
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Introduction 

During  the  months  of  June  and  July,  1904,  the  writer,  under  the 
direction  of  Dr  William  H.  Dall,  made  a  reconnaissance  of  the  coast  of 
the  Olympic  peninsula,  Washington,  from  Port  Angeles,  on  the  south 
shore  of  the  strait  of  Juan  de  Puca,  to  Grays  harbor,  on  the  Pacific. 
Chester  W.  Washbume,  of  Eugene,  Oregon,  and  Bussell  G.  Wayland,  of 
Seattle,  assisted  in  the  work.  The  trip  was  primarily  undertaken  for  the 
purpose  of  collecting  the  fossils  and  working  out  the  stratigraphy  of  the 
Tertiary  rocks  of  the  region;  in  addition  to  this,  however,  notes  were 
made  on  the  other  important  geologic  features  of  the  country  traversed. 
This  paper  embodies  an  outline  of  the  results  of  the  reconnaissance. 

Mr  J.  S.  Diller,  of  the  TJ.  S.  Geological  Survey,  visited  the  region  of 
Clallam  bay  in  1892  to  investigate  the  coal  deposits  there,  and  Professor 
Henry  Landes  and  a  party  consisting  of  Messrs  Charles  Landed,  Charles 
A.  Ruddy,  and  S.  H.  Richardson,  made  a  hurried  reconnaissance  trip  in 
1902  over  practically  the  same  route  as  that  taken  by  the  writer,  but 
neither  Diller  nor  Landes  published  any  notes  on  the  region.  It  was 
through  information  furnished  by  Professor  Landes  that  Doctor  Dall  was 
induced  to  send  the  writer  into  the  country  in  1904. 

Previous  Literature 

Probably  no  other  territory  of  equal  extent  in  the  United  States  has 
received  as  little  attention  from  the  explorer  or  geologist  as  has  the  Olym- 
pic peninsula,  and  as  a  result  the  literature  directly  concerned  with  its 
geology  and  natural  aspects  is  confined,  so  far  as  the  writer  is  aware,  to 
four  papers. 

Mr  S.  C.  Oilman,*  a  civil  engineer  who  visited  a  considerable  portion 
of  the  region  in  1895,  has  given  us  a  fairly  accurate  map  and  a  good  gen- 
eral description  of  the  peninsula,  especially  the  central  mountainous  parts. 

Dodwell  and  Eixon,t  the  forestry  experts  who  examined  the  Olympic 
forest  reserve,  give  some  notes  of  interest  to  the  geologist  in  addition  to 
their  technical  report  on  the  forest  conditions. 

Some  observations  on  the  geology  of  the  southwestern  coast  of  the 
peninsula  are  also  included  by  Mr  H.  S.  Conard  in  an  article  on  'The 
Olympic  peninsula,  Washington.^^  J 

In  addition  to  the  above,  the  writer  has  published  papers  on  "Coal  in 

*  S.  C.  Oilman :  The  Olympic  country.  National  Geographic  Bfagatine,  vol.  7,  1896i. 
pp.  133-140,  pi.  16. 

t  Arthur  Dodwell  and  Theodore  F.  Rlzon :  Forest  conditions  in  the  Olympic  forest 
reserve,  Washington.  Professional  paper,  U.  S.  Geological  Survey,  no  7,  110  pages.  20 
plates,  1  map,  1902. 

t  Science,  N.  S.,  vol  21,  no.  532,  March  10,  1906,  pp.  892-898. 
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Clallam  county,  Washington/'*  and  "Gold  placers  of  the  northwestern 
coast  of  Washington/' -j-  in  the  former  of  which  a  brief  outline  of  the 
geology  of  the  region  is  included.  With  the  exception  of  the  very  brief 
references  mentioned,  nothing  has  been  written  concerning  the  geology  or 
mineral  resources  of  this  extensive  anrl  interesting  territory. 


FiGURB  1. — Sketch  Map  of  Coast  of  Olympic  Peninaula,  Washington. 

Sbowlng  the  principal  geologic  formationa  of  the  northern  and  western  portions. 
For  detail  of  northern  coast  and  explanatory  legend  see  figure  2.  Topography  from 
Coast  and-  Geodetic  Survey ;  Geology  by  Ralph  Arnold,  1904. 


Location 

The  Olympic  peninsula  occupies  an  area  of  about  8,000  square  miles,  ap- 
proximately 80  miles  east  and  west  by  100  miles  nori:h  and  south,  in  the 

*  Contributions  to  Economic  Geology  for  1004.    Bulletin  no.  260,  U.  S.  Geological  Sur- 
rey. 1905.  pp.  413-421. 

t  Ibid.,  pp.  154-157.  tig.  11. 
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northwestern  part  of  the  state  of  Washington.  As  implied  by  the  name 
^'peninsula/'  this  body  of  land  is  almost  completely  surronnded  by  water, 
the  Pacific  ocean  bounding  it  on  the  west,  the  strait  of  Juan  de  Fuca  on 
the  norths  Admiralty  inlet.  Hood  canal,  and  other  portions  of  what  is 
popularly  known  as  Puget  sound  on  the  east,  and  Grays  harbor  and  the 
Chehalis  river  on  the  south.  It  embraces  the  whole  of  Clallam  and  Jef- 
ferson and  portions  of  Chehalis  and  Mason  counties.  Cape  Flattery  at 
the  northwestern  comer  and  Port  Townsend  at  the  northeastern  are  its 
most  commonly  heard  place  names. 

Topography  and  physical  Features 
the  olympic  mountains 

The  natural  and  commercial  development  of  the  peninsula  is  dominated 
by  the  Olympic  mountains — a  rugged  group,  occupying  with  their  foot- 
hills the  greater  part  of  its  territory.  The  higher  mountains*  are  Alpine, 
with  sharp  spires  and  serrate  ridges  from  6,000  to  8,000  feet  high,  cul- 
minating in  mount  Olympus,  with  an  altitude  of  8,200  feet.  They  form 
a  circular  area  40  miles  in  diameter  in  the  east  central  part  of  the 
peninsula  and  are  characterized  by  glacial  sculpture,  precipitous  slopes, 
and  abundance  of  liigh  barren  and  prairie  land. 

West  of  the  region  of  high  mountains  the  ridges  rise  to  approximately 
a  plane  surface  that  slopes  gently  seaward  from  an  elevation  of  about  4,600 
or  6,000  feet.  This  surface  truncates  the  deformed  strata  of  the  Solduck 
region  and  probably  represents  a  peneplain. 

The  following  paragraph,  descriptive  of  the  Olympic  mountains,  is  an 
abstract  of  an  article  by  Chester  W.  Washbume,  now«in  course  of  prepara- 
tion, which  will  appear  in  a  more  extended  report  on  the  geology  of 
western  Washington. 

The  drainage  of  the  region  is  radial,  the  radial  pattern  being  very  per- 
fect about  the  borders  of  the  higher  mountains,  while  within  the  moun- 
tains it  is  less  perfect.  The  streams  of  the  peninsula  are  arranged  much 
like  the  spokes  of  a  wheel,  of  which  the  region  of  high  mountains  is  the 
hub.  This  pattern  could  have  one  of  three  possible  origins:  First,  the 
drainage  was  initiated  on  a  volcanic  accumulation  about  a  center;  second, 
the  drainage  was  initiated  on  the  domed  surface  of  Tertiary  strata,  which 
has  since  been  removed  by  erosion;  third,  the  drainage  was  initiated  on 
the  domed  surface  of  a  peneplain.  By  all  of  these  hypotheses  the  streams 
are  consequent  to  some  imaginary  surface  of  double  curvature.    The  first 

•  See  topographic  map  accompanying  Professional  paper,  U.  S.  Geologic  Survey,  no.  7, 
"Forest  conditions  in  the  Olympic  reserye,  Washington/'  by  A.  Dodwell  and  T.  P.  Rlzon. 
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FicaiiE    1. — View    lodkinu    East    alonc;    Strait    ok    Jian    de    Fica    jlst    Fast    of 

(lETTYSBlIKi 

Showing    the    general    shore    conditions    where    no    bluffs    skirt    the    coast.     Photograph    by 

Chester  W.  Washburne.  lfK»4 


FuiiRE   '_'. — Charactkristic   mcjss-covkred   ExposiRE   OF   SOFT   Olioocexe-Miookxe   Shale 

Ix)cailty  is  between  Crescent  bay  and  Gettysburg;  Pillar  point  to  the  west  in  the  distance. 
Photograph  by   Chester  \V.   Washburne,   1004 
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is  disproved  by  the  absence  of  extensive  volcanic  material.  Choice  be- 
tween the  second  and  third  hypotheses  is  not  wise  at  this  time,  but  there 
are  fewest  diflSculties  in  the  acceptance  of  tTie  third  h3rpothe8is,  that  the 
drainage  results  from  the  doming  of  a  peneplain. 

TUB  COABTAL  REGION 

The  coastal  region  of  the  peninsula  consists  essentially  of  an  elevated 
terrace.  Into  this  the  encroaching  waters  of  the  ocean  and  strait  have 
eaten  their  way,  forming  precipitous  cliffs  along  the  shore.  With  the  ex- 
ception of  low  stretches  between  Tree  bluff  and  Pillar  point  and  in  the 
immediate  vicinity  of  Clallam  and  Neah  bays,  the  platform  varies  in  ele- 
vation from  about  60  to  250  or  300  feet.  The  Terrace  is  by  no  means 
level,  being  cut  by  numerous  streams  and  only  in  a  general  way  conform- 
ing to  a  plane  surface.  Prominent  ridges  rise  above  the  general  level  of 
the  terrace,  notable  examples  being  that  between  Freshwater  and  Crescent 
bays  and  that  between  the  mouths  of  the  Pysht  and  Clallam  rivers.  The 
western  border  of  the  peninsula  is  also  a  terrace  which,  in  some  places,  is 
over  200  feet  in  altitude.  In  occasional  regions  along  the  ocean,  however, 
lowlands  sJdrt  the  shore,  as,  for  instance,  at  the  mouth  of  Queets  river. 
From  Point  Greenville  to  Grays  harbor  the  border  land  is  all  low. 

Figure  1  of  plate  65  illustrates  the  usual  conditions  where  no  bluffs 
skirt  the  shore.  Timber  comes  down  to  high-tide  level  and  the  beaches 
are  strewn  with  huge  logs  which  have  been  undermined  and  finally  washed 
loose  where  the  sea  has  cut  into  the  timbered  terrace  region. 

The  coast  traversed  presents  an  unusual  number  of  interesting 
physiographic  features,  mostly  those  resultant  from  an  encroaching  sea. 
A  wave-cut  platform  skirts  nearly  the  whole  shoreline  from  the  vicinity 
of  Freshwater  bay  to  cape  Flattery  and  thence  down  the  coast  to  point 
Greenville.  Its  surface  is  approximately  horizontal  and  is  usually  largely 
exposed  at  low  tide,  in  some  places  extending  out  over  half  a  mile  from 
the  shore  (see  plate  55,  figure  2,  and  plate  58,  figure  1). 

In  certain  localities  along  the  strait  of  Fuca  where  the  terrace  trun- 
cates, soft  shale  interbedded  by  occasional  hard  thin  layers  of  sandstone, 
the  latter,  in  fragments  varying  from  cobbles  to  blocks  of  considerable 
size,  forms  a  most  effective  protecting  cover  of  shingle  over  large  areas  of 
the  platform.  Even  where  the  rocks  of  the  coast  form  extremely  resistant 
cliffs,  the  waves  have  made  their  impression,  the  result  often  being  a  nar- 
row terrace  with  a  cave  or  niche  cut  into  the  base  of  the  cliff.  An  excel- 
lent illustration  of  ttiis'  latter  phenomdnoii  is  exhibited  at  the  mouth  of 
the  Pydht  river  mid  is  shdwn  in  plate  56,  figure  1.  At  the  base  of  the 
island  in  figure  2,  plate  56,  is  another  example  of  a  wave-cut  niche. 
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Along  the  ocean  front  of  the  peninsula  from  cape  Flattery  south  to 
point  Greenville  the  wave  action  is  more  intense  and  the  resultant  terrace 
more  pronounced.  The  terrace  is  nearly  2  miles  wide  in  the  region  of  the 
Bodelteh  islets,  at  the  mouth  of  the  Ozette  river,  its  surface  studded  with 
small  islands  and  sharp  rocks,  the  latter  often  exposed  at  low  tide  but 
covered  when  the  tide  is  in.  It  is  this  island  and  rock-studded  terrace 
which  has  been  responsible  for  so  many  wrecks  and  which  inspires  the 
navigator  with  such  dread  of  the  western  coast  of  Washington.  Islands 
of  all  sizes  and  in  all  stages  of  development,  from  partially  isolated 
])romontories  (see  plate  67,  figure  1)  to  the  typical  rock-bound  forms, 
are  found  here.  Destruction  island  is  the  largest  of  the  true  islands  along 
western  Washington. 

The  shoreline  conditions  along  the  eastern  end  of  the  strait  of  Fuca 
are  decidedly  unlike  those  of  the  portion  of  the  coast  just  described. 
From  the  vicinity  of  Freshwater  bay  eastward  to  Port  Townsend  the  coast 
consists  of  steep  bluffs  of  more  or  less  incoherent  Pleistocene  deposits 
from  which  two  prominent  and  interesting  sand  spits  extend  into  the 
strait.  Both  spits  are  long  and  narrow  and  bowed,  although  extending  in 
a  general  way  parallel  to  that  part  of  the  coast  on  which  they  are  de- 
veloped. Both  protect  navigable  bays  on  their  inner  sides.  The  spit  at 
New  Dungeness  is  particularly  noteworthy  because  of  its  form,  the  main 
spit  having  a  secondary  one  developed  on  its  inner  side  (see  figure  2). 
These  spits  are  due  to  the  strong  tidal  currents  which  flow  through  the 
adjoining  strait,  sometimes  at  the  rate  of  5  or  6  miles  an  hour. 

Owing  to  the  heavy  precipitation  on  the  peninsula  (Neah  bay,  in  the 
northwestern  corner,  having  the  maximum  mean  annual  rainfall  for  the 
United  States),  many  rivers  rise  in  the  central  portion  of  the  Olvmpic^s 
and  descend  through  deep,  precipitous  canyons  to  the  more  nearly  level 
border  lands,  and  thence  out  into  Puget  sound,  Fuca  strait,  or  the  Pacific 
ocean.  These  rivers  are  navigable  only  for  canoes,  and  for  these  only  in 
the  lower  channels,  but  they  offer  an  imlimited  field  for  the  development 
of  cheap  power. 

Flowing  northward  to  the  strait  are  the  Dungeness,  Elwha,  Lyre,  East 
and  West  Twin,  Pysht,  Clallam,  Hoko,  and  Sekiu  rivers,  besides  numer- 
ous smaller  rivers  and  creeks,  while  the  western  portion  is  drained  by  the 
Ozette  and  Quillayute  rivers  and  the  latter*s  tributaries,  the  Dickey, 
Soleduc,  Bogachiel,  and  Calawa.  Farther  south,  and  also  draining  not 
only  the  western  but  the  southern  flanks  of  the  Olympics,  are  the  Chah- 
latt,  Hoh,  Queets,  Eaft,  and  Quinaielt  rivers.  Three  important  inland 
bodies  of  fresh  water  are  found  on  the  flanks  of  the  range  adjacent  to  the 
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FiGUBK   1. — Wave-cit   Xh'hk  .vt   Bask  of  Cliff,    I'illar   Point,   looking   West 
Photograph   by   Professor   Henry    Ixodes.    11)02 


FicrRE  2. — The  BEtjixNivu  of  an  Island 

Showing  an  isolated  portion  of  the  old  terrace  of  basalt  and  basalt  tuff,  with  wave-cut  niche 
at  base,  eastern  end  of  Crescent  bay.     Photograph  by  Professor  Henry  I^andes,  1902 
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coast  covered  by  the  reconaissance.  These  are  lake  Crescent,  situated  at 
an  elevation  of  660  feet  in  the  foothills  7  miles  inland  from  Port  Cres- 
cent; Ozette  lake,  which  lies  in  the  lowlands  of  the  central  western  portion 
2  miles  from  the  coast,  and  Quinaielt  lake,  about  20  miles  inland  from 
the  mouth  of  the  Quinaielt  river. 

The  whole  coimtry  below  timberline,  which  in  this  region  is  at  an 
elevation  of  approximately  6,600  feet,  is  heavily  timbered  with  hemlock, 
cedar,  spruce,  fir,  etc.  Between  the  larger  trees  is  a  dense  undergrowth  of 
devils  club,  sallal,  brakes,  ferns,  and  vines,  which  offers  an  almost  im- 
penetrable barrier  to  ordinary  progress. 

The  country  is  sparsely  settled,  the  few  settlements  being  located  in  the 
lowlands  flanking  the  mountains,  and  all,  with  two  or  three  exceptions, 
being  situated  on  the  coast.  Excluding  several  short  logging  roads,  no 
steam  transportation  is  carried  on  in  the  northwestern  part  of  the 
peninsula,  all  of  the  freighting  being  done  either  by  pack  animals,  wagons, 
or  the  steamers  which  ply  between  Seattle  and  the  ports  along  the  strait. 

Geology 

THE  OLYMPIC  MOUyTAINB 

Previous  knowledge  of  the  region. — Little  is  known  of  the  geology  of 
the  central  portion  of  the  Olympics  because  of  the  inaccessibility  of  this 
inner  country.  Mr  Oilman,*  in  referring  to  the  Olympic  country  in 
general,  says : 

**The  country  rocks  of  the  mountains  are  syenite,  gneiss,  quartzite,  proto- 
gene,  crystalline  and  chlorite  schists,  slate  (hard  black  flinty  to  soft  green 
talc),  shale,  sandstone,  trap  and  basalt." 

Dodwell  and  Eixon,t  who  examined  the  Olympic  forest  reserve,  say  that 
"no  granite  (except  a  few  boulders),  slate  or  porphyry  has  thus  far  been 
discovered  on  the  reserve.^* 

No  sign  of  vulcanism,  either  in  the  rocks  or  in  the  pebbles  of  the 
Quinaielt  or  Queets  rivers,  was  seen  by  Mr  H.  S.  Conard,  who  visited  the 
southwestern  portion  of  the  range  in  1902.J 

Proiable  composition. — From  evidence  obtained  by  the  writer  along 
the  western  end  of  the  peninsula  and  by  Mr  Chester  W.  Washburne  in  the 
Soleduc  River  canyon  south  of  lake  Crescent,  it  appears  probable  that  at 

•  National  Geographic  Magashie,  vol.  7,  1896,  p.  138. 

t  Professional  paper,  U.  S.  Geological  Survey,  no  7,  1902.  p.  10. 

t  Science,  N.  8.,  vol.  21,  March  10,  1905.  p.  392. 
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Figure  2. — Detail  Hap  of  Geology  of  Coastline  from  Cape  Flattery  and  Vicinity  to  2iew 

Dungene88 
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least  the  greater  part  of  the  Ol3anpic  mountains  is  composed  of  a  hard 
gray  sandstone^  certainly  pre-Oligocene  and  probably  Cretaceous  in  age. 

THV  COASTAL  REGION 

Oeologic  formations, — ^The  formations  involved  in  the  geology  of  the 
coastal  region  of  the  Olympic  peninsula  include  serpentine^  old  diabase  or 
greenstone^  metamorphosed  sandstone  and  quartzite,  probably  of  Jurassic 
age ;  6,000-1-  feet  of  gray  sandstone  with  minor  quantities  of  carbonaceous 
shales,  supposed  to  represent  the  lower  part  of  the  Pugei  group  and  of 
Cretaceous 'age;  1,200+  feet  of  basalt  and  basalt  tuffs  of  Eocene  age; 
15,000  feet  of  Oligocene-Miocene  conglomerate,  sandstone,  and  shale; 
2,260  feet  of  Pliocene  conglomerate,  sandstone,  and  shale,  and  at  least 
300  feet  of  Pleistocene  till,  clay,  and  gravel.  In  addition  to  this,  the 
Oligocene-Miocene  breccia  contains  large  quantities  of  angular  fragments 
of  hard  black  slate,  indicating  a  probable  widespread  formation  of  this 
type  of  rock  somewhere  in  the  general  region.  Nothing  is  known  of  the 
age  of  the  slate  except  that  it  is  pre-Oligocene. 

Supposed  pre-Cretaceous. — ^The  supposed  pre-Cretaceous  rocks  of  the 
territory  examined  were  confined  entirely  to  the  coast  south  of  cape 
Flattery,  the  most  important  areas  occurring  at  Portage  head,  8  miles 
south  of  the  cape.  Point  of  the  Arches,  3i/^  miles  still  farther  south,  and 
in  the  region  from  Point  Greenville  south  to  within  a  few  miles  of  Grays 
harbor.  The  types  of  rock  composing  this  old  series  embrace  old  dia- 
base or  greenstone,  serpentine,  quaitzite,  conglomerate,  etcetera.  These 
are  much  fractured  and  faulted  and  are  occasionally  cut  by  quartz  veins, 
some  of  which,  in  the  Point  of  the  Arches  complex,  are  said  to  carry  small 
amounts  of  gold  and  silver.  An  interesting  fact  in  relation  to  the  con- 
glomerate and  serpentine  in  this  same  locality  is  the  occurrence  in  them 
of  a  high  grade  petroleum.  Where  freshly  exposed,  both  the  conglomerate 
and  serpentine  give  off  a  most  nauseating  odor,  like  that  of  benzine  or 
some  other  allied  product.  The  occurrence  of  the  oil  is  made  the  more 
interesting  when  it.  is  kno^oi  that  no  shales  or  other  possible  oil-producing 
rocks  outcrop  in  the  immediate  vicinity,  although  shales  of  probably 
Oligocene  or  Miocene  age  are  found  something  over  a  mile  south  of  the 
serpentine. 

Supposed  Cretaceous, — The  rocks  supposed  to  be  Cretaceous  in  age, 
the  correlation  being  based  on  their  stratigraphic  position  and  lithologic 
character,  are  also  confined  to  the  western  coast  of  the  peninsula.  They 
extend  over  most  of  the  territory  from  1%  miles  south  of  Point  of  the 
Arches  to  1  mile  north  of  cape  Elizabeth,  and  consist  almost  entirely  of  a 
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coaiBe  gray  sandstone,  with  occasional  zones  of  black  shale  and  rarely  a 
little  conglomerate.  The  thickness  of  the  formation  is  probably  over 
5,000  feet,  although,  owing  to  its  complex  structure,  this  is  only  a  ver>- 
rough  approximation.  The  series  is  characterized  by  calcite  veins,  which 
are  abundant  in  nearly  all  of  the  exposures.  The  shales  carry  some  lignite 
at  two  or  three  places,  at  one  locality  in  particular  the  coal  being  used 
locally  for  domestic  purposes.  Indications  of  oil  are  also  very  noticeable 
in  a  soft  gray  sandstone,  which  may  belong  to  this  series,  outcropping  iu 
a  canyon  about  a  mile  north  of  Point  of  the  Arches.  This  oil  has  a 
similar  odor  to  that  found  in  the  serpentine  and  conglomerate  a  mile  or 
so  to  the  north  and  may  be  derived  from  the  shales  associated  with  the 
sandstone.    Indications  of  oil  are  also  said  to  have  been  discovered  in  the 


Nzrw 

SZO-E 

BAftALT 

kfiEisrecefnc 

TO 

wr 

\ 

?_ 

r 

*r» 

I«0 

-•r" 

«7 

\ 

FiGUBB  3. — Section  aUmg  ea8tem  End  of  Orescent  Bay. 

Showing  the  relations  of  the  Eocene  basalt,  fosslUferons  Eocene  basalt  tuff,  and  the 
fossillferous  marine  Pleistocene. 

sandstones  and  shales  south  of  the  mouth  of  the  Quillayute  river  and  at 
one  or  two  other  localities  between  the  Quillajnite  and  cape  Elizabeth. 

Eocene:  Crescent  formation. — The  oldest  formation  of  definitely 
known  age  on  the  Olympic  peninsula  is  a  1,200-foot  series  of  black  basalt 
and  greenish  basalt  tuffs  and  tuffaceous  sands  found  in  the  vicinity  of 
Port  Crescent  and  here  designated  the  Crescent  formation.  It  comprise*- 
the  region  immediately  west  of  Crescent  bay  and  a  prominent  ridge  ex- 
tending eastward  from  the  latter  to  Freshwater  bay.  Venerirardia 
planicosta  Lamarck,  Turritella  uvasana  Conrad,  and  other  characteristic 
fossils  found  in  the  tuff  indicate  the  Eocene  age  of  the  series  and  its 
general  contemporaneity  with  the  Tejon  of  California. 

The  basalt  occurs  in  two  thick  sheets,  an  upper  and  a  lower,  each  of 
which  may  represent  several  surface  flows.  Between  the  two  basalt  sheets 
and  intimately  associated  with  the  top  of  the  lower  is  a  series  of  roughly 
bedded  fossiliferous  tuffs.    Figure  3  illustrates  the  relations  of  the  differ- 


GBOLOGY  OF  THE  COASTAL  REGION  461 

ent  beds  as  they  occur  at  the  eastern  end  of  Crescent  bay,  while  figure  2, 
plate  66,  shows  a  characteristic  exposure  of  the  formation  at  tide  level 
in  the  same  region.  In.  the  region  of  Crescent  bay  the  lower  basalt  has 
an  exposed  thickness  of  200  feet,  while  the  tuffs  and  upper  basalt  sheet 
each  show  approximately  the  same.  The  Freshwater  Bay  section  gives 
basalt  and  coarse  massive  basalt  tuff  600  feet,  thin  bedded  green  tuff  375 
feet,  and  black  vesicular  basalt  200  feet.  The  base  of  the  Crescent  forma- 
tion is  not  exposed,  so  that  the  subjacent  rocks  are  imknown.  The  over- 
lying sediments  consist  of  coarse  conglomerates  separated  from  the  basalt 
by  an  erosion  interval.  Faults  define  the  contact  between  the  Crescent 
formation  and  the  Clallam  formation  (Oligocene-Miocene)  adjacent. 

These  basalts  and  tuffs  are  the  only  rocks  of  igneous  origin  found  along 
the  whole  length  of  the  northern  shore  of  the  peninsula.  Taking  into 
consideration  the  volcanic  activity  which  prevailed  during  the  Eocene  in 
the  Cascade  range,  only  a  comparatively  short  distance  away,  this  single 
and  rather  limited  occurrence  of  eruptives  seems  rather  remarkable.  The 
paucity  of  igneous  rocks,  however,  may  possibly  be  accoimted  for,  at 
least  along  the  northern  coastal  border  of  the  Olympics,  by  the  fact  that 
formations  younger  than  the  basalt  are  the  only  ones  exposed,  and  it  is 
possible  that  some  of  these  newer  rocks  are  underlain  by  the  Eocene  basalt 
series. 

Oligocene-Miocene:  Clallam  formation. — Resting  unconformably  upon 
the  Eocene  and  older  rock  of  the  Olympic  peninsula  is  a  series  of  con- 
glomerates, sandstones,  and  shales  rich  in  fossils  and  extensive  in  occur- 
rence. The  formation  is  well  exposed  in  the  region  between  Clallam  bay 
and  Pillar  point,  to  the  east,  and  for  that  reason  is  here  named  the 
Clallam  formation.  According  to  Doctor  Dall,  the  fossils  of  the  forma- 
tion indicate  that  the  basal  portion  of  the  series  is  Oligocene  in  age,  while 
the  upper  part  is  certainly  Miocene.  Since  the  separation  of  the  two 
members  will  necessarily  have  to  be  made  on  paleontologic  grounds  and 
will  require  a  more  detailed  study  of  the  material  in  hand  than  time  has 
yet  permitted,  the  term  "Oligocene-Miocene  series"  will  be  used  tem- 
porarily to  designate  the  age  of  the  beds.  A  portion  of  the  formation  is 
unquestionably  the  equivalent  of  the  Astoria  sandstones  and  shales  occur- 
ring at  the  mouth  of  the  Columbia  river,  130  miles  farther  south. 

All  of  the  pre-Pleistocene  deposits  along  Fuca  strait  from  Freshwater 
bay  to  cape  Flattery,  with  the  exception  of  the  Eocene  basalts  and  tuffs 
of  Crescent  bay  and  the  Pliocene  conglomerate  and  sandstone  of  the 
Clallam  Bay-Hoko  Eiver  region,  belong  to  the  Oligocene-Miocene  series, 
and  at  least  the  greater  part  and  possibly  the  whole  of  the  thick  series  of 
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conglomerates^  sandstones,  and  shales  exposed  in  the  Cape  Flattery  prom- 
ontory^ and  also  the  sandstones  and  shales  exposed  in  the  hills  south  of 
the  Bogochiel  river,  come  under  the  same  head..  The  thickness  of  this 
series  as  exposed  in  sections  along  the  strait,  which,  by  the  way,  Tirtuallv 
parallels  the  strike  of  the  beds  for  most  of  the  distance  from  Freshwater 
bay  to  Neah  bay,  is  about  3,660  feet.  The  Waatch-Neah  Bay  section, 
which  cnts  directly  across  the  strike  of  the  great  Cape  Flattery  mono- 
cline, exposes  approximately  15,000  feet  of  conformable  strata,  most  and 
possibly  all  of  which  may  be  Oligocene-Miocene. 

The  conglomerates  of  the  series  are  usually  quite  coarse  and  hard  and 
consist  of  pebbles  and  cobbles  of  quartzite,  jasper,  black  slate,  and  occa- 
sional granitics.  They  are  found  mostly  at  the  base  and  near  the  top  of 
the  series  along  the  straits  and  in  the  middle  of  the  series  on  the  C'ape 
Flattery  promontory.  The  zone  of  conglomerate  in  the  middle  of  the 
Cape  Flattery  section  may  be  the  equivalent  of  the  basal  conglomerates  of 
the  series  as  developed  unconformably  above  the  Eocene  around  Crescent 
bay.  If  so,  the  sandstones  at  the  base  of  the  Cape  Flattery  section  are 
older  than  any  of  the  Oligocene-Miocene  beds  exposed  on  the  strait.  Tlie 
base  of  the  Cape  Flattery  section  is  unknown,  as  the  lowest  beds  expopccl 
in  the  section  are  separated  from  the  subjacent  rocks  by  a  fault. 

The  sandstones  of  the  Clallam  formation  are  for  the  most  part  thin 
bedded,  hard  and  resistant  to  erosion,  and  are  extremely  fossiliferous  in 
certain  localities,  notably  east  of  Clallam  bay.  They  are  found  at  the 
base  and  near  the  top  of  the  Cape  Flattery  section  and  below  the  upper 
conglomerates  east  of  Clallam  bay. 

The  shale  of  the  Oligocene-Miocene  occurs  principally  in  the  middle  of 
the  formation  along  the  strait.  The  lower  part  of  the  shale  is  thinly  and 
plainly  laminated,  but  higher  up  becomes  almost  massive  clay.  Figun* 
2,  plate  57,  shows  a  characteristic  exposure  of  the  laminated  shale.  The 
overthrusting  of  the  beds  exhibited  at  this  particular  locality  is  very  un- 
usual, as  the  strata  along  this  portion  of  the  coast  ordinarily  lie  in  low 
simple  folds.  The  shale  is  gray  in  fresh  exposures,  but  becomes  more  nv 
less  oxidized  upon  exposure.  Sandstone  dikes,  probably  derived  from  in- 
terbedded  sandstones,  cut  the  shales  in  the  region  east  of  the  mouth  of 
the  Pysht  river,  and  near  Gettysburg  hydrogen  sulphide  gas  was  noticed 
escaping  from  cracks  in  the  shale  along  the  beach.  Figure  1,  plate  58, 
illustrates  the  ramification  of  one  of  the  dikes,  while  figure  2,  plate  55, 
shows  a  characteristic  beach  formed  by  the  truncated  beds  of  the  soft 
clay-shale.     Fossils  are  abundant  and  beautifully  preserved  throughout 
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FiouHE   1. — Xatuhal   Arches   in   Sandstone 

At  this   locality   the  sea   Is   rapidly   encroaching   on   the  cliffs   south   of    the   mouth   of   the 
QulUayiite   river.     Photograph  by   Professor   Henry    I^ndes,    1002  ' 


Figure  2. — Overthrust  in   Olkjocene-Miocene  Shale,   %   Mile  west  of  Gettysburg 
A  characteristic  exposure  of  the  shales.     Photograph  by  Chester  W.  Washburne,  1904 
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the  finer  sediments  of  the  series,  at  least  two  distinct  horizons  being 
recognized. 

At  least  five  recognizable  faunas  have  so  far  been  found  in  the  Clallam 
formation.  The  oldest  comes  from  the  lowest  clay-shales  of  the  series  and 
is  characterized  by  such  species  as  the  following : 

Fossils  from  the  Clallam  formation 
List  of  fossils  from  the  lower  clay-shale  (Oligooene) 

Leda  sp.  Dentalium  suhatriatum  Conrad. 

Pecten  clallamensis  Arnold.  Fuaus  sp. 

Pecten  waylandi  Arnold.  Marginella  or  Erato  sp. 

Phacoides  acutilineatus  Ck>nrad.  Natica  sp. 

Nucula  sp.  Perissolaw  sp. 

Solemya  ruhroradiata  Gonrad.  Aturia  of.  ziczac  Sowerby. 

Tellina  sp. 

List  of  fossils  from  the  second  horizon  or  massive  sandstone 

Above  the  clay-shale  horizon  is  a  series  of  medium  bedded  to  fine  mas- 
sive sandstones  in  which  are  found  fauna  apparently  transitional  from 
the  clay-shales  to  the  coarse  sandstones.  This  sandstone  horizon  has 
yielded  the  following  f axma  : 

Cytherea  ct.  vespertina  Ck)nrad.  Cylichna  petroaa  Conrad. 

Leda  sp.  Dolium  petrosum  Conrad. 

Nucula  sp.  Fusus  sp. 

Phacoides  acutilineatus  Conrad.  Natica  sp. 

Solemya  ruhroradiata  Conrad.  Perissolax  (f)  sp. 

Tellina  (Angulus)  sp.  Pleurotoma  sp. 

Thracia  cf.  trapezoides  Conrad.  Scala  sp. 

List  of  fossils  from  the  third  horizon  or  Miocene  sandstone 

Still  a  third  fauna,  later  than  the  last,  is  represented  by  the  following 
species  found  immediately  east  of  Clallam  bay : 

Area  sp!  Tellina  arctata  Conrad. 

Chione  (aff.)  temblorensis  Anderson.  Fusus  oregonensis  Conrad. 

Cytherea  cf.  vespertina  Conrad.  Natica  sp. 

Pecten  fucanus  Dall.  Sigaretus  scopulosus  Conrad. 
Pecten  propatulus  Conrad. 
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List  of  fossils  from  near  the  top  of  the  Clallam  formation 

The  fourth  fauna  is  that  found  in  sandstone  layers  interbedded  with 
conglomerates  in  the  upper  part  of  the  formation,  and  is : 

Chione  aff.  temblorensis  Anderson.  Tellina  sp. 

Mactra  sp.  Crepidula  pr^rupta  Conrad. 

MytUus  aff.  matheicaonii  Gabb.  Dentalium  aubatriatum  Conrad. 

Panopea  generoaa  Gould.  Fusus  sp. 

Pecten  fucanua  Dall.  Scala  (Opalia)  sp. 

Phacoidea  acutUineatua  Conrad. 

List  of  fossils  from  the  equivalents  of  the  upper  beds  of  the  Cape  Flatten* 

section 

The  fifth  faxma  of  the  Oligocene-Miocene  is  that  found  at  the  mouth  of 
the  Sekiu  river  in  beds  the  equivalent  of  the  uppermost  strata  of  the  Cape 
Flattery  section.  The  relation  of  this  fauna  to  those  just  given  is  some- 
what problematical,  although  it  appears  quite  likely  that  the  former  is 
younger  than  most  of  the  latter. 

Cardium  aff.  quadrigenarium  Conrad.  Cancellaria  sp. 

Leda  sp.  Cylichna  sp. 

Mactra  sp.  Dentalium  sp.  , 

Nvcula  sp.  Fuaua  sp. 

Tellina  aff.  hodegenais  Hinds.  Natica  sp. 

Yoldia  sp. 

Correlations. — Correlations  between  the  different  fossiliferous  locali- 
ties of  the  Oligocene-Miocene  series  over  the  whole  of  the  Peninsula  and 
Puget  Soxmd  region  are  comparatively  easy,  as  are  also  correlations  with 
certain  of  the  Oregonian  faunas  such  as  those  of  the  Astoria  shales  and 
sandstones,  but  when  it  comes  to  making  direct  correlations  with  the 
Califomian  or  Alaskan  faunas  much  difficulty  is  encountered.  One  of 
the  greatest  surprises  the  writer  had  in  all  of  his  work  along  the  straits 
was  his  inability  to  find  the  characteristic  upper  Miocene  fauna  of  the 
Sooke  beds  which  are  so  well  developed  only  15  miles  to  the  northward  on 
Vancouver  island.  With  an  almost  unbroken  series  of  Miocene  faunas 
one  would  certainly  expect  to  find  the  Sooke  species  somewhere  among  the 
lot,  but  such  was  not  the  case  and  no  plausible  explanation  of  their 
absence  has  so  far  presented  itself. 

Coal  in  the  Clallam  formation.* — Coal  occurs  in  the  sandstones  east  of 
Callam  bay  in  the  upper  part  of  the  Oligocene-Miocene  series  and  in  the 
base  of  the  same  series  in  the  vicinity  of  Freshwater  bay.    Three  well 


•  BuHetln  no.  2S0,  U.  S.  Geological  Survey,  1906,  pp.  418-421. 
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defined  layers^  12^  22^  and  36  inches  in  thicknesB^  are  exposed  in  the  first 
locality,  while  in  the  second  28-inch  and  56-inch  beds  are  said  to  occur. 
The  coal  is  a  hard,  glossy  black  lignite  and  is,  according  to  Mr  Campbell, 
well  adapted  for  gas-producer  engines. 

Pliocene — Quinaielt  formation. — The  Pliocene  has  a  very  limited 
development  on  the  Olympic  peninsula,  only  two  areas  of  importance 
occurring  on  its  coasts.  The  more  important  of  these  is  a  great  syncline 
between  capes  Elizabeth  and  Qreenville  through  the  trough  of  which  the 
Quinaielt  river  empties  into  the  sea.  The  formation  in  which  this  syn- 
cline is  developed  is  therefore  named  the  Quinaielt.  The  Quinaielt  con- 
sists of  over  2,200  feet  of  conglomerates  and  shales,  with  minor  quantities 
of  sandstone.  The  conglomerates  are  developed  north  of  the  river,  while 
the  shale,  with  some  underlying  sandstone,  occurs  south  of  it.  Owing  to 
the  fact  that  faults  limit  the  syncline  on  both  sides,  it  was  impossible  to 
determine  positively  which  facies  of  the  formation,  the  conglomerate  or 
the  shale,  was  the  older.  However,  it  appears  most  likely  that  the  latter 
represents  the  basal  portion  of  the  formation.  The  beds  contain  well 
preserved  marine  fossils  and  the  conglomerates  in  particular  considerable 
quantities  of  almost  unaltered  wood  and  bark  of  trees,  often  in  large 
fragments. 

Fossils  from  the  Quinaielt  formation. — The  following  fossils,  which 
locate  the  formation  in  the  lower  Pliocene  and  indicate  its  contempo- 
raneity with  the  Purisima  formation  of  central  California,  were  obtained 
at  the  mouth  of  Quinaielt  river,  at  various  horizons  throughout  the  series. 


Terebratalia  cf.  occidentalis  Dall. 

Leda  sp.  (short  and  smooth). 

Lima  cf.  hamlini  DaU. 

Macoma  sp. 

Mactra  sp. 

Pecten  liaatattis  var.  hericius  Oould. 

8olen  8icariu8  Gould. 

Tapes  cf.  sialeyi  Gabb. 

Thracia  trapezoides  Conrad. 

Yoldia  cf.  cooperi  Gabb. 

4.nachi8  sp. 


Chrysodomus  aff.  tabulatus  Baird. 
Cylichna  sp. 
Margarita  sp. 

Natica  clausa  Broderip  and  Sowerby. 
Opalia  cf.  borealis  Gould. 
Fleorotoma  perversa  Gabb. 
Priene  aff.  oregonensis  Redfleld. 
Purpura  canaliculata  Duclos. 
Purpura  crispata  Chemnitz. 
Purpura  samicola  Valenciennes. 
Solariella  peramabilis  Carpenter. 


Beds  of  concretionary  sandstone  and  gray  shale,  the  equivalent  of  a  por- 
tion of  the  Quinaielt,  outcrop  to  the  northward  at  the  mouth  of  the  Raft 
river.  Another  area  of  Pliocene  also  occupies  the  territory  from  Clallam 
bay  westward  to  the  Hoko  river.  The  Pliocene  here  rests  unconformably 
upon  the  upturned  and  eroded  Clallam  formation  (see  figure  4)  and  con- 
sists largely  of  conglomerate.     In  the  cobbles  and  boulders  of  the  con- 
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glomerate  are  numeronB  well  preserved  Miocene  fossils^  similar  to  those 
found  at  the  moutii  of  the  Sekiu  river  (see  list) .  The  maximum  section 
exposed  in  the  Clallam  Bay-Hoko  Hiver  Pliocene  area  is  only  240  feet 
thick,  but  this  probably  represents  only  a  part  of  the  formation. 

Pleistocene — General  character  of  the  deposits. — The  Pleistocene  de- 
posits of  the  region  under  discussion  consist  of  till,  clay,  sand,  and  gravel, 
mostly  incoherent  but  sometimes  locally  firmly  cemented  by  iron  oxide 
(see  plate  68,  figure  2).  They  extend  from  Port  Townsend  along  the 
strait  to  the  region  about  Gettysburg  and  from  Portage  head  to  a  short 
distance  south  of  point  Greenville,  on  the  Pacific  Ocean  side.  In  the 
vicinity  of  Port  Angeles  and  eastward  to  Port  Townsend  the  Pleistocene 
is  between  200  and  300  feet  thick ;  its  lowest  member  till,  the  rest  of  the 


FIOURV  4. — SeoHon  of  small  Promontory  on  Coast  i  Miles  West  of  Clallam. 
Bbowlng  unconformity  between  tbe  Miocene  and  Pliocene. 

formation  roughly  stratified  sand  and  gravel.  This  till  is  probably  the 
equivalent  of  Willis's  Admiralty  till  of  the  Puget  Sound  country.  The 
top  of  the  till,  which  is  largely  a  stiff  blue  clay,  is  often  marked  by  springs. 
In  the  vicinity  of  Freshwater  bay  these  springs  are  large  and  exceedingly 
numerous,  and  are  said  to  have  been  used  by  the  early  navigators  in  stock- 
ing their  ships  with  water;  hence  the  name  of  the  bay. 

The  maximum  development  of  the  Pleistocene  on  the  western  side  of 
the  peninsula  is  in  the  region  about  Yellow  banks,  6  miles  south  of  the 
mouth  of  the  Ozette  river,  where  the  deposits  of  sand  and  gravel  attain  a 
thickness  of  over  125  feet.  The  marine  origin  of  at  least  a  part  of  the 
Pleistocene  deposits  along  this  part  of  the  coast  is  attested  by  marine 
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Tliree-fourthH  of  a  mile   east  of   East  Twin  river.     PliutOKrapli   by  V.  \V.  WaHhlmme,  ll>04 


FiGURR  2. — Boulder  or  Pleistocene  Gravel  on  Beach  south  of  Mouth  or  Queetb  River 

This  gravel  is  firmly  enough   cemented    by    iron   oxide   to   be   considered   a    true   conglomerate, 
i'hotograph    by   Professor  Henry   I^ndes.   1902 
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fossils,  which  are  found  in  fine  stratified  sands  35  feet  above  tide  level 
near  Point  of  the  Arches. 

Gold  in  the  Pleistocene  gravels.* — In  certain  localitiq^  the  Pleistocene 
deposits  which  constitute  or  cap  the  bluffs  from  near  Portage  head  south 
to  Yellow  banks  carry  small  amounts  of  gold,  platinum,  and  iridosmine. 
By  a  process  of  wave  action  these  metals  have  been  concentrated  on  or  near 
the  bedrock  at  the  base  of  the  bluflfs,  sometimes  in  quantities  of  economic 
importance.  The  gold  and  other  precious  metals  in  these  beach  deposits 
are  always  associated  with  magnetite  and  garnet  sand,  although  the  places 
richest  in  the  "indicators^*  are  often  barren  of  the  gold  in  paying  quan- 
tities. 

Mining  has  been  carried  on  in  the  region  since  1894,  and  during  this 
period  at  least  $16,000  has  been  taken  from  the  Shishi  Beach  placers  be- 
tween Portage  head  and  Point  of  the  Arches  alone.  Besides  the  Shishi 
Beach  workings,  there  are  paying  claims  being  worked  intermittently  2 
miles  north  of-  the  mouth  of  the  Ozette  river,  and  at  Yellow  Banks,  6 
miles  south  of  the  mouth  of  the  same  river.  The  mining  is  carried  on 
principally  by  the  sluice-box  method,  although  where  the  water  supply  is 
limited,  as  at  the  locality  2  miles  north  of  the  Ozette,  rockers  are  used. 

OBOLOOIO  STRUCTURE  IN  GENERAL 

As  indicated  by  the  exposures  along  the  coast,  the  structural  lines  in 
the  region  from  Port  Angeles  to  Gettysburg  average  approximately  parallel 
to  the  trend  of  the  Olympics,  north  70  degrees  west,  south  70  degrees^east ; 
those  in  the  Gettysburg-Clallam  Bay  territory  almost  perpendicular  to 
this,  or  a  little  east  of  north,  and  those  in  the  Clallam  Bay-Cape  Flattery 
stretch  north  30  degrees  west,  south  30  degrees  east,  or  again  parallel 
with  the  ridges  which  extend  along  the  coast  in  this  region.  A  syncline, 
with  its  southern  limb  resting  against  the  sandstones  south  of  lake  Cres- 
cent and  its  northern  one  truncated  by  the  waters  of  the  strait  of  Fuca, 
is  the  major  structural  feature  of  the  Port  Crescent-Gettysburg  region. 
From  (Jettysburg  west^'ard  to  the  mouth  of  the  Pysht  river  the  structural 
features  are  not  pronounced,  the  rocks  in  general,  however,  having  a  west- 
ward dip.  A  rather  broad  syncline,  vith  its  axis  extending  in  a  northeast- 
erly-southwesterly direction,  occupies  most  of  the  territory  between  the 
Pysht  river  and  Clallam  bay.  This  syncline  is  complicated  in  its  south- 
eastern portion  by  sharp  local  folding  and  some  faulting.  The  region 
between  Clallam  bay  and  cape  Flattery  is  formed  by  a  great  northeast- 

*  BaUetln  no.  200,  U.  S.  Geological  Surrey,  1D06,  pp.  154-167. 
XLI — Bull.  Geol.  8oc.  Am.,  Vol.  17,  1905 
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dipping  monocline^  the  beds  of  which  appear  to  have  a  total  thickness  of 
over  15,000  feet. 

Sonth  of  the  plallam  Bay-Cape  Flattery  monocline  is  the  western  ex- 
tension of  the  axis  of  the  Olympic  raoimtains.  The  structure  in  the 
r^ion  about  this  line  of  disturbance  is  quite  complex,  but  as  one  goe:!^ 
away  from  it  toward  the  south  the  structure  becomes  simpler.  Several 
determinable  folds  with  northwest-southeast  axes  were  noted  along  the 
coast  between  the  Ozette  and  Hoh  rivers,  and  in  the  vicinity  of  the  mouth 
of  the  Quinaielt  there  is  a  verA'  prominent  syncline  developed  in  the 
Pliocene,  with  its  axis  parallel  to  those  just  mentioned. 

A  great  uplift  in  the  Olympic  Peninsula  region  appears  to  have  taken 
place  at  or  near  the  close  of  the  Miocene  epoch,  and  still  another  lesser  one 
during  the  late  Pliocene.  That  orogenic  movements  are  still  taking  place, 
or  have  occurred  since  the  deposition  of  the  Pleistocene,  is  evidenced  bv 
the  very  gently  folded  and  tilted  clays,  sands,  and  gravels  in  the  vicinity 
of  Port  Angeles. 
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Introduction 


The  title  of  the  paper  presented  at  Ottawa  is  "Hawaiian  Notes/' 
These  naturally  grouped  themselves  into  three  parts:  First,  the  facts 
observed  in  Oahu,  particularly  about  Diamond  head ;  second,  the  further 
study  of  the  supposed  caldera  at  Mokohea ;  and,  third,  the  latest  eruption 
from  Kilauea.  For  publication  I  have  thought  best  to  offer  the  two 
brochures  relating  to  Diamond  head  and  Mohokea,  which  supplemen: 
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papers  previously  published  in  the  Bulletin.    The  third  topic  will  be 
treated  elsewhere. 

Diamond  Head 

This  is  a  well  formed,  secondary  crater,  adjacent  to  Honolulu  and  so 
conspicuously  situated  that  it  is  familiar  to  all  travelers.  Since  the  pub- 
lication of  my  paper  on  the  geology  of  Oahu  several  geologists  have  visited 
it  and  published  their  observations.  As  these  represent  divergent  views, 
I  took  the  pains  to  reexamine  the  locality  in  my  last  visit,  in  1905,  and 
present  herewith  both  the  abstracts  of  the  statements  of  others  and  the 
results  of  the  latest  investigation. 

As  to  the  cone  itself,  I  stated  that 

"The  structure  of  the  cone  is  typical  of  its  class — a  broad,  shallow,  saucer- 
shaped  crater,  with  layers  dipping  toward  the  center  inside,  and  outside  out- 
wardly in  every  direction  at  angles  of  30  to  35  degrees.  It  would  seem  that 
the  mud  was  forced  directly  upward  from  the  center,  the  surplus  flowing  over 
the  outside  of  the  cone  in  every  direction,  and  after  the  supply  had  ceased  to 
come  the  Inner  portions  fell  back  toward  the  vent. '  The  fragments  consist  of 
every  variety  of  the  older  basalts,  with  much  limestone,  corals,  and  shells  that 
were  torn  off  by  the  aseencive  force  of  the  eruption  from  the  coral  reef  be- 
neath.   The  tuff  is  a  palagonite  like  that  of  Punchbowl."* 

Concerning  the  succession  the  following  is  condensed  from  page  54.t 
The  order  of  genesis  is :  1.  The  deposition  of  the  coral  reef  on  an  ancient 
lava.  2.  The  ejection  of  the  tuff  in  shallow  water,  bringing  up  frag- 
ments of  the  older  rocks.  3.  The  Head  was  covered  by  vegetation,  much 
as  it  is  now;  fragments  of  the  tuff  rolled  down  the  steep  sides,  became 
cemented  by  lime,  whether  derived  from  the  pieces  thrown  Up  from  the 
underlying  coral  reef  or  from  the  coral  beach  sand  blown  up  by  the  wind. 
Land  shells  flourished  whose  remains  are  abundant  in  the  talus.  4.  Sub- 
mergence from  40  to  200  feet.     5.  Emergence  to  the  present  level. 

Of  the  seventeen  different  periods  recognized  on  the  island  the  follow- 
ing relate  to  the  Head :  Number  4,  coralline  and  shell  limestones  formed 
in  later  Tertiary  age.  These  were  penetrated  by  several  basaltic  erup- 
tions. Numbers  5  to  9  and  number  10,  tuff  craters  like  Diamond  head 
were  ejected  through  the  calcareous  beds.  Number  11,  decay  of  the  tuff, 
producing  soil.  Numbers  12  and  14,  basaltic  ejections.  Number  15, 
the  accumulation  of  the  calcareous  talus-breccia,  containing  the  remains 
of  land  shells.     Numbers  16  and  17,  depression  and  reelevation. 

•  Bull.  Geol.  Soc.  Am.,  vol.  11,  1900,  p.  44. 
tBulL  GmL  Soc.  Am.,   vol.   11,    1000. 
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tn  presenting  the  views  of  others  it  will  be  proper  to  commence  with 
the  publications  of  Professor  Dana. 

Views  op  J.  D.  Dana 

The  lava  and  tuff  cones  of  Oahu  were  first  described  in  the  Report  on 
the  geology  of  the  regions  examined  by  the  United  States  exploring  ex- 
pedition. The  observations  were  made  in  1840  and  the  volume  was 
published  in  1849.  The  same  description  reappeared  in  "Characteristics 
of  volcanoes/'*  with  additions. 

Accurate  drawings  of  the  craters,  Mauumae,  Kaimuki,  Diamond  head, 
Punchbowl,  and  the  two  Koko  heads,  with  descriptions,  are  presented. 
Mauumae  is  said  to  be  a  lava  flow;  Kaimuki  is  not  defined,  but  all  the 
others,  including  the  three  salt  lake  craters,  are  spoken  of  as  "tufa  cones." 
Diamond  head  is  said  to  be  a  "fine  example  of  the  typical  tufa  cone  in 
its  broad  and  shallow  saucer-shaped  crater,  with  the  stratification  parallel 
to  the  bottom  of  the  saucer  and  to  the  original  outer  slope'*  (page  293). 
Punchbowl  is  said  to  be  composed  of  "a  yellow  to  brown,  in  part  resin- 
lustered,  palagonite-like  rock  bearing  evidence  in  its  constitution  and  in 
the  dip  of  the  beds  that  mud-making,  warm  waters  were  concerned  in  the 
disposition;  and  the  brown,  in  place  of  red,  color  is  probable  evidence 
that  the  temperature  of  the  water  was  below  200°  Fahrenheit"  (page 
292).  He  remarks  that  "Diamond  head  may  have  been  thrown  up  in  a 
single  year  or  less"  (page  295),  and  refers  to  some  notable  recent  erup- 
tions which  had  likewise  been  formed  in  a  very  brief  time.  These  were, 
first,  Tarawera,  New  Zealand,  where  "the  eruption  was  ended  and  the 
clouds  of  dust  gone  in  six  hours"  (page  246).  Secondly,  in  1883  Kra- 
katoa  accomplished  its  work  in  thirty-six  hours.  Thirdly,  Baldaisan,  in 
Japan,  sent  forth  steam,  dust,  and  possibly  lava^  in  1888,  the  action  being 
of  extreme  violence.  "In  one  hour  the  dust  shower  had  mainly  passed, 
and  in  five  hours  it  had  wholly  ceased"  (page  253). 

Views  of  W.  T.  Brigham 

Professor  Brigham  describes  and  figures  Diamond  head  and  its  sur- 
roundings.! There  is  a  cone  of  tufa  whose  layers  have  dips,  probably 
comparable  with  the  descriptions  of  Dana,  and  the  laminae  are  separated 
by  calcareous  deposits.  They  also  contain  fragments  of  coral  in  consid- 
erable quantities,  undecomposed  and  in  masses  of  from  two  to  twenty 
cubic  inches.    The  region  adjacent  is  an  elevated  coral  reef.     No  lavas 

•Dodd  and  Mead,  publishers,  1890. 

t  Memoirs  Boston  8oc  Nat  Hist.,  vol.  1,  1868. 
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have  issued  from  the  cone,  but  there  is  a  figure  showing  how  the  tufa  in 
one  locality  has  been  altered  by  contact  with  a  heated  stream  of  basalt 
flowing  out  of  it.  One  can  recognize  the  actual  conditions  in  the  view 
taken  of  the  cone  from  Koko  head,  there  being  the  central  cone,  the  sur- 
rounding limestone,  and  the  later  basaltic  flow  from  Kupikipikio. 

Views  of  C.  B.  Dutton 

Captain  Dutton  writes  as  follows  about  Diamond  head  :♦ 

"It  Is  composed  of  cinders  and  tuff,  and  Is  In  fact  an  immemie  cinder  cone. 
Within  it  is  a  very  large  crater,  more  than  a  mile  across.  Its  rim  is  a  sharp 
edge  which  forms  a  complete  circlet  and  though  higher  in  some  portions  than  in 
others,  it  is  nowhere  brolcen  down.  .  .  .  The  outer  flanks  of  the  cone  are 
scored  upon  all  sides  with  little  ravines,  which  give  it  the  aspect  often  pre- 
sented by  the  fronts  of  the  Bad  Lands  cliffs  of  Dakota  or  of  the  plateau 
country.  The  cone  is  situated  close  to  the  sea  which  washes  the  foot  of  its 
southern  slope.  As  we  pass  around  the  flank  \^e  find  a  mass  of  strata  com- 
posed of  consolidated  coral  sand,  which  is  strongly  cross-bedded.  The  highest 
visible  exposure  of  this  *coral  rock'  is  about  200  feet  above  the  sea.  That  ft 
formed  once  a  wave-washed  beach  just  beneath  the  surface  of  tlie  ocean  Is 
self-evident" 

He  then  speaks  of  its  age  as  very  much  more  recent  than  that  of  the 
mountains  of  the  Koolau  range,  and  also  mentions  its  similarity  to 
Punchbowl  and  Koko  head. 

Notes  on  the  Tertiary  Geology  of  Oahu,  by  W.  H.  Dall 

These  notes  were  appended  to  my  paper  on  the  geology  of  Oahu  cited 
above.  Doctor  Dall  examined  the  lower  slopes  on  the  south  and  east  sides 
of  the  Head,  not  ascending  it  more  than  100  feet.  "The  conclusion  to 
which  I  came/'  said  he  (page  58),  "was  that  the  whole  mass  of  Diamond 
head  had  been  slowly  deposited  in  comparatively  shallow  water  and  grad- 
ually elevated  without  being  subjected  to  notable  flexure.  The  ejection 
of  material  at  first  must  have  been  intermittent,  with  long  quiescent 
periods  to  enable  the  shore  to  have  been  repopulated  with  moUusks  and 
corals.  The  later  layers  may  have  been  more  frequently  ejected,  as  indi- 
cated by  the  absence  of  perfect  fossils,  or  of  any  fossils,  by  the  thinner 
calcareous  and  the  heavier  tuffaceous  layers." 

Also  on  page  60 : 

"To  sum  up,  it  is  concluded  that  the  reef -rock  of  Pearl  Harbor  and  Diamond 
Head  limestones  are  of  late  Tertiary  age,  which  may  correspond  to  the  Plio- 
cene of  west  American  shores,  or  even  be  somewhat  earlier,  and  in  the  local- 

•  Fourth  Annual  Report  of  the  U.  S.  Geol.  Survey,  1884,  pp.  217*218. 
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Itles  studied  there  was  no  evidence  of  any  Pleistocene  elevated  reefs  whatever. 
It  is  probable  that  Oahu  was  land,  inhabited  by  animals,  as  early  as  the 
Eocene." 

The  determination  of  the  geological  age  of  Oahu  was  the  main  object 
of  Doctor  DalFs  paper,  and  no  one  has  since  dissented  from  his  conclu- 
sion. His  judgment  of  the  age  of  the  fossil  shells  can  not  be  called  in 
question.  Objections  have  been  made  to  his  view  of  the  structure  and 
origin  of  Diamond  head.  Should  it  be  proved  that  some  of  the  objec- 
tions have  been  well  taken,  the  correctness  of  his  main  contention  re- 
mains unaffected. 

The  first  reference  to  Doctor  DalFs  views  came  from  Dr  S.  E.  Bishop, 
a  resident  of  Honolulu,  a  gentleman  conversant  with  meteorological  and 
volcanic  phenomena,  at  one  time  assistant  on  the  government  trigonomet- 
rical survey  of  the  islands.  His  observations  on  the  atmospheric  appear-^ 
ances  produced  by  the  eruption  from  Krakatoa  in  1883  led  to  the  ac- 
cepted use  of  the  term  "Bishop's  ring''  (cercle  de  Bishop).  His  paper 
was  published  in  the  American  Geologist.* 

"Brevity  of  Tuff  Cone  Eruptions/'  by  S.  E.  Bishop 

The  foregoing  is  the  title  of  Doctor  Bishop's  paper.  The  main  con- 
tention therein  presented  is  that  a  volcanic  cone  like  Diamond  head 
"could  have  been  created  only  by  an  extremely  rapid  projection  aloft  of 
its  material,  completed  in  a  few  hours  at  the  most,  and  ceasing  suddenly 
and  finally." 

The  first  proof  of  this  proposition  is  the  extreme  regularity  of  the 
elevated  circular  rim  of  the  cone.  Two-thirds  of  the  elevated  perimeter 
represents  nearly  a  complete  circle  about  5,000  feet  in  diameter,  and 
most  of  it  is  about  450  feet  above  sealevel.  The  tuff  has  uniform  qua- 
quaversal  layers  dipping, outwardly  about  35  degrees,  but  less  upon  the 
inside,  pointing  toward  the  center.  The  southwest  angle  reaches  the 
height  of  762  feet,  because  the  strong  trade  wind  deflected  the  lofty  jet 
of  tuff  to  leeward  and  piled  it  up  disproportionately. 

The  second  evidencei  of  the  brevity  of  the  eruption  is  derived  from  an 
arithmetical  computation  of  the  time  required  to  deposit  the  actual  mass 
of  the  cone  by  a  fountain  of  adequate  height  to  deliver  its  ejecta  upon 
the  existing  rim  of  the  bowl.  The  total  mass  is  thirteen  billion  cubic  feet 
of  tuff.  This  could  have  been  discharged  by  a  fountain  with  875  feet  of 
velocity  per  second,  raised  to  a  height  of  11,925  feet  in  two  hours'  time. 
This  is  given  as  an  approximate  estimate  only,  and  he  is  disposed  to  in- 

♦  Vol.  wvll,  1901,  p.  1. 
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crease  the  velocity  and  reduce  the  time^  with  a  sectional  area  of  5,000 
feet. 

These  statements  of  the  symmetry  of  the  cone  and  of  the  time  re- 
quired for  the  deposition  of  the  mass  are  thought  to  forbid  any  other 
conception  of  formation.  A  very  good  map  of  the  Head  and  immediate 
surroundings  accompanies  this  paper. 

Wbitbr's  Statement  at  the  Albany  Meeting 

At  the  Albany  meeting  of  the  Geological  Society  of  America  I  pre- 
sented briefly  the  antagonistic  views  of  Doctors  Dall  and  Bishop  and 
requested  the  opinions  of  the  fellows  present  as  to  the  proper  position  to 
be  taken  in  the  controversy.    No  one  offered  any  suggestion.* 

Doctor  Dallas  reply  to  Doctor  Bishop 

Doctor  Dall  comments  on  this  paper  in  the  American  Geologist  for 
June,  1901,t  practically  as  follows:  1.  Diamond  head  as  described  by 
Doctor  Bishop  does  not  exist.  2.  The  observations  previously  stated  are 
reaffirmed.  3.  The  inferences  are  submitted  to  the  criticism  of  experts. 
4.  The  tuff  is  underlaid  by  limestone  carrying  Chama  and  Ostrsea,  and 
in  the  middle  part  of  the  cone  there  are  horizontal  layers  of  compacted 
coral  sand  out  of  which  the  calcareous  snowy  crusts  have  been  bleached. 

Archibald  Geikie's  Comment 

In  his  text  book  of  Geology4  Sir  Archibald  Geikie  refers  to  Doctor 
Bishop's  paper  thus:  "On  the  transient  character  of  the  volcanic  action 
in  the  case  of  tuff  cones,  see  Bishop,  American  Geologist,  vol.  xxvii 
(1901),  page  1." 

He  also  compares  the  action  of  Diamond  head  to  the  eruption  of  Monte 
Nuovo,  near  Naples,  in  1538,  when  a  tuff  cone  was  formed  in  twenty- 
four  hours.  I  have  myself  ascended  the  sides  of  this  cone,  which  has 
the  altitude  of  489  feet,  and  is  about  one  and  a  half  miles  in  circum- 
ference. The  larger  part  of  the  famous  Lucerne  lake  was  filled  with 
the  stones,  scoria,  and  ashes  ejected  in  1538.  Among  the  fragments 
ejected  were  pieces  of  Roman  pottery  and  marine  shells,  which  happened 
to  be  situated  in  the  path  of  the  ascending  outburst.  I  have  been  in  the 
habit  for  the  past  forty  years  of  using  in  my  lectures  the  history  of  Monte 

•Bull.   Geol.   Soc   Am.,   vol.   12,   p.   462. 
'tVol.   xxvll,   p.   386. 
JVol.    1,    p.    326. 
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Nuovo  to  illustrate  the  formation  of  tufp  cones,  emphasizing  the  brevity 
of  the  process,  the  stratification  of  the  material  (double  quaquaversal), 
and  the  lack  of  any  disturbances  in  the  adjacent  territory.  The  temple 
of  Pluto  was  partly  covered  by  the  debris,  but  its  level  has  not  been 
affected,  as  it  would  have  been  if  the  cone  had  been  formed  in  the  manner 
suggested  by  L.  von  Buch  and  Elie  de  Beaumont,  They  believed  that 
the  conical  shape  proceeded  from  an  upheaval  or  swelling  of  the  groiind 
around  the  vent  from  which  the  materials  issued. 

Dr  J.  C.  Branner's  Statement 

Doctor  Branner  comments  on  the  tuff  and  talus  of  Diamond  head.*  He 
finds  present  an  extensive  mass  of  talus  overiying  calcareous  sand,  both 
lying  at  an  angle  of  30  degrees ;  and  the  talus  contains  land  shells.  He 
thinks  Doctor  Dall  must  refer  to  that  talus  when  he  says  the  tuffs  overlie 
the  calcareous  beds.  He  believes  the  tuffs  were  land  deposits  and  did  not 
come  from  beneath  water  level.  Doctor  Dall  in  his  replyf  calls  attention 
to  the  fact  that  Doctor  Branner  did  not  see  the  region  farther  around  the 
cone  upon  which  he  had  based  his  conclusions,  and  that  the  limestones 
carrying  the  fossils  (marine)  could  not  have  been  a  subaerial  formation 
(blown  sand).  Doctor  Dall  evidently  would  not  disagree  with  the 
statements  about  the  relative  positions  of  the  blown  sand  and  the  talus 
carrying  the  land  shells,  as  both  authors  examined  the  same  quarry. 

Dr  Whitman  Cross's  Statement 

Doctor  Cross  remarks  as  follows: J 

•*The  view  of  Doctor  Dall  that  the  whole  mass  of  Diamond  head  had  been 
slowly  deposited  In  comparatively  shallow  water  and  gradually  elevated  with- 
out being  subjected  to  notable  flexure  seems  to  the  writer  incorrect  for  various 
reasons,  some  of  which  have  been  ix>inted  out  by  Dr  J.  G.  Branner  and  Dr 
8.    E.  Bishop." 

The  subject  was  referred  to  incidentally  in  speaking  of  Doctor  Dall's 
determination  of  the  Pliocene  age  of  the  rocks  in  a  part  of  Oahu. 

The  latest  Views  of  Doctor  Dall 

Several  letters  have  passed  between  Doctor  Dall  and  myself  concern- 
ing the  special  features  of  Diamond  head.  Explanations  more  explicit 
than  those  here  printed  have  been  given,  and  in  1905  I  endeavored  to  visit 

•  Amer.  Jour.   Scl.,   vol.  xvl,   190S,   p.   306. 
t  Amer.  Jour.  Scl.,  vol.  xvU,  p.  177. 
t  Journal  of  Geology,  vol.  xU,  p.  519. 
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the  precise  localities  which  he  investigated  and  on  which  he  based  his 
concluBions.  He  was  accompanied  by  Professor  Edgar  Wood,  of  the 
normal  school  at  Honolulu,  who  kindly  pointed  out  to  me  the  route  taken 
and  the  ledges  examined.  They  did  not  visit  Kupikipikio  nor  ascend 
the  cone  of  Diamond  head,  but  skirted  its  eastern  base,  from  whence  it 
was  possible  to  see  the  white  patches  on  the  outer  cliffs  which  simulated 
ledges  of  limestone.  I  sent  an  account  of  my  explorations  and  conclu- 
sions to  Doctor  Dall,  and  received  from  him  the  following  letter,  which 
is  published  with  his  sanction: 

"Washington,  D.  C,  August  29,  1905. 

"Deab  Pbofessob:  I  received  yours  of  the  22d  instant  this  morning,  and 
was  much  interested  in  and  gratified  by  it,  as  it  seems  to  me  that  it  leaves 
hardly  any  unsettled  points  of  importance  in  which  I  can  not  agree  with  your 
conclusions.  There  are  one  or  two  questions  of  interpretation,  perhaps,  to  be 
presently  referred  to.  You  have  been  able,  by  reason  of  your  more  extended 
explorations  of  the  cone  at  the  Head,  to  decide  several  questions  I  had  to 
leave  open. 

''Doctor  Bishop's  idea  is,  as  I  understand,  that  Diamond  head  was  the 
product  of  a  single  outburst  of  activity,  by  which  he  may  include  the  Uiter- 
mittences  which  usually  accompany  the  activity  of  a  vent  forming  a  cone 
through  the  deposit  of  matter  expelled  at  short  intervals  during  a  relatively 
short  period  of  time,  say  within  a  year  or  two.  The  impression  I  got  was 
that  the  cone  was  the  product  of  small  eruptions,  with  intervals  between  long 
enough  for  coral  sand  t>eaches  to  form  or  sand  to  be  deposited  by  wind  on  the 
surface  of  ejected  matter,  so  that  there  would  be  a  certain  alternation  of 
deposits ;  also  that  this  action,  in  part  at  least,  took  place  near  seaievel,  with 
some  subsequent  elevation.  It  seemed  to  me  that  the  differences  between  tlie 
Punchbowl  (with  little  or  no  lime  to  be  leached  out)  and  Diamond  bead 
(so  to  speak,  saturated  with  lime)  was  due  to  somewhat  such  a  difference  in 
method  of  formation.  I  can  not  otherwise  account  to  myself  for  the  abun- 
dant presence  of  lime  nearly  throughout  the  Diamond  Head  cone.  Does  it 
not  seem,  if  the  Bishop  hypothesis  be  correct,  as  if  the  fragmentary  lime 
*  constituents  dislodged  by  eruption  must  necessarily  be  concentrated  In  the 
lower  layers,  so  that,  the  vent  once  fonned,  there  would  be  practically  no 
source  for  fragmentary  lime  rock  for  the  upi^er  ones?  If  not,  why  do  we  not 
find  fragmentary  lime  rock  distributed  through  the  layers  of  the  Punchbowl 
and  other  depoHits  of  the  volcanic  hills  behind  Honolulu?  That  is  the  way  I 
summed  it  up,  that  in  order  to  keep  the  supply  of  lime  going  there  wonid 
have  to  be,  In  the  case  of  Diamond  head,  quiescent  periods  when  it  conld 
accumulate  over  or  about  the  vent  either  from  the  sea  or  through  the  agency 
of  wind.  Now  down  by  the  sea  I  found,  as  I  thought,  some  thin,  continuous 
layers  of  lime  rock  on  which  were  fossilized  some  corals,  chamas,  etcetera, 
where  they  grew.  I  recognized  the  exudatory  character  of  the  sheets  of  lime 
I  saw  on  the  cliffs  above,  but  I  took  those  near  the  sea  to  be  sedimentary.  If 
in  this  I  was  mistaken,  and  they  were  also  due  to  exudation,  it  does  not  alter 
the  general  conditions  very  muqh.  There  must  have  been  a  source  for  the 
lime  somewhere,  and  after  the  vent  was  cleared,  subsequent  supplies  must 
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have  come  from  the  only  possible  source,  direct  or  indirect,  namely,  the  sea 
sediments  and  beach  sand.  There  seemed  to  me  to  be  In  that  cone  altogether 
too  much  lime  to  be  derived  merely  from  the  crumbling  of  the  walls  of  the 
vent  after  the  latter  became  fully  established. 

"I  think  the  marine  fossils  I  got  around  Diamond  head  and  at  Pearl  har- 
bor were  indubitably  Pliocene,  at  least  they  are  not  (so  far  as  yet  known) 
represented  in  the  present  fauna.  Yet  here  we  are  met  by  the  difficulty  that 
the  Hawaiian  marine  shells  are  very  imperfectly  known.  Still,  there  can  be 
no  doubt  that  some  of  those  I  found  are  extinct;  it  is  only  the  proportion 
which  for  the  present  must  remain  uncertain.  As  for  the  land  shells  in  the 
rock  at  the  quarry  north  of  the  road,  before  we  turn  the  comer  of  the  island. 
I  did  suggest  that  they  might  be  Pliocene,  but  without  dogmatism,  as  a  de- 
cision on  this  point  must  depend  on  an  expert  and  minute  knowledge  of  the 
species,  which  I  can  not  claim.  They  seemed  to  me  wind  blown,  and  the 
limestone,  in  which  they  were,  to  l>e  subaerlally  deposited  and  solidified  by 
the  percolation  of  rainwater.  This  is  a  process  which  might  continue  indefi- 
nitely, the  shells  in  upper  layers  being  much  younger,  geologically,  than  those 
below,  and  much  would  depend  on  an  exact  stratigraphic  correlation  of  the 
fossils.  I  found  no  Amastras ;  the  others  you  mention  are  all  old  types  which 
might  go  back  to  the  Eocene  without  violating  precedent  I  should  be  much 
interested  to  see  your  series."    .    .    . 

Obsebvations  made  IN  1905 

Eetuming  now  to  the  discussion  of  the  observations  made  in  1905,  it 
is  needful  to  recall  the  general  structure  of  Oahu.  It  has  two  ranges  of 
basalt  parallel  to  each  other,  separated  by  a  sloping  plain.  The  ranges 
are  Kaala  and  Waianae  on  the  southwest  and  Koolauloa  and  Koolaupoko 
on  the  northeast,  the  last  being  37  miles  long,  Kaala  is  the  oldest  and  is 
supposed  to  have  been  the  only  dry  land  for  a  long  period.  Koolau  came 
into  being  later,  as  its  discharges  have  covered  up  the  eroded  eastern  out- 
line of  Kaala.  Each  basaltic  mass  represents  an  independent  center  of 
volcanic  action,  whether  originating  at  the  bottom  of  the  ocean  or  arising 
from  low  Tertiary  land.  The  profuse  rainfall  due  to  the  impingement 
of  the  moist  vapors  brought  by  the  trade  winds  on  the  highlands,  has  ex- 
cavated numerous  canyons  and  amphitheaters  on  both  sides  of  Koolau, 
but  with  much  greater  erosion  on  the  most  exposed  portion,  looking 
northeasterly.  For  part  of  the  way  the  erosion  has  reached  the  center  of 
the  range,  where  the  sheets  are  disposed  in  an  anticlinal  fashion.  On  the 
opposite  side  the  canyons,  at  first  conspicuous,  east  of  Honolulu  are  less 
prominent,  and  for  a  time  it  was  believed  that  there  was  a  gradual  slope 
from  the  crest  of  the  range  to  the  valleys  leading  both  northeast  and 
southwest  from  the  highest  point  of  the  plain.  Now  that  the  region  has 
been  better  explored,  it  is  found  that  there  are  deeply  incised  canyons 
along  the  whole  southwestern  slope  of  Koolau  in  the  upper  reaches.    The 
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drainage  is  collected  into  Pearl  river  on  the  southj  and  reaches  the  sea  at 
Waialua  in  several  gulches  on  the  north.  It  would  seem  that  this  inter- 
montane  plain  must  represent  about  the  original  surface  of  the  lava 
flows,  in  which  the  gorges  are  few  but  very  deep.  As  the  surface  seems 
to  consist  of  soft  clayey  material,  one  would  expect  it  to  consist  of  sedi- 
mentary  or  at  least  ashy  volcanic  beds  of  the  Tertiary.  On  examining 
the  walls  of  the  canyons  the  rock  is  made  up  everywhere  of  the  spherical 
and  elliptical  nodules  so  characteristic  of  the  Hawaiian  basalts.  They 
have  been  exposed  so  long  to  the  elements  that  decomposition  has 
reached  the  lowest  depths  accessible. 

That  part  of  the  western  slope  of  Koolan  that  is  best  known  shows 
numerous  secondary  volcanic  cones,  scoriaceous,  basaltic,  and  tuffaceous. 
Some  are  parasites  on  Koolau  and  others  lie  in  the  lowland.  Scori- 
aceous ejections  have  been  noted  at  the  Pali, west  of  it,  and  near  Tantalus; 
and  perhaps  the  so-called  ashes  from  Tantalus,  the  pond  east  of  Kakea, 
and  Punchbowl  should  be  ranked  in  this  category.  Secondary  basaltic 
ejections  are  recognized  in  Aliamamu,  Aliapakai  (Salt  lake),  near 
Moanalua;  nephelite  dikes  on  Punchbowl,  Palolo,  and  Kupikipikio,  the 
craters  Mauumae  and  Kaimuki.  For  topographical  reasons  the  interest- 
ing nepheline  basalt  of  the  Moiliili  quarry  seems  connected  with  small 
craters  lying  east  of  Rocky  hill. 

All  these  secondary  ejections  named  were  contiguous  to  one  another, 
and  there  is  no  attempt  to  specify  the  many  others  lying  east  of  the 
region  of  Diamond  head  and  west  of  Salt  lake. 

There  remain  the  tuff  cones,  which  mostly  occupy  a  zone  makai  (that 
is,  toward  the  sea)  of  the  basaltic  ejections.  These  are  Makalapa,  the 
two  salt  craters.  Punchbowl,  Diamond  head,  and  the  two  Koko  heads. 
From  statements  already  made,  these  are  clearly  allied  to  the  palagonite 
of  Italy,  a  tuff  brownish  yellow  in  color,  with  a  resinous  luster,  com- 
posed of  the  fragments  of  the  earlier  basalts,  marine  limestones,  with 
corals  and  shells,  hydrous  and  discharged  at  a  temperature  less  than  that 
of  the  basalts.  These  characteristics  would  seem  to  point  to  a  sub- 
marine origin,  while  the  basaltic  cones,  possibly  coeval  with  them,  accu- 
mulated around  terrestrial  vents.  Diamond  head  is  therefore  a  typical 
tuff  cone,  made  of  very  hot  mud,  originating  beneath  the  sealevel. 

The  Tertiary  Limestones 

All  the  igneous  ejections,  both  the  original  Koolau  basalt,  the  second- 
ary scorias  and  basalts,  and  the  tuff  cones,  have  come  up  through  a  Ter- 
tiary, probably  Pliocene,  platform.    This  conclusion  appeared  first  in 
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the  suggestiona  of  Dr  Alexander  Agassiz*  as  to  the  limestones  of  the  Fiji 
islands,  with  the  concurrent  determination  of  age  derived  from  a  study 
of  the  mollusca  of  the  limestones  by  Dr  W.  H.  Dall,  compared  with  the 
existing  fauna. 

It  wte  my  good  fortune  to  be  able  to  glance  at  these  Fijian  deposits 
while  studying  the  Hawaiian  phenomena,  and  to  be  satisfied  of  the  essen- 
tial unity  in  age  of  these  Pacific  groups  of  islands.  Hence  in  my  paper  on 
the  geology  of  Oahuf  I  considered  the  Pearl  River  series  to  be  of  Tertiary 
age,  consisting  of  marine  deposits,  decayed  rock,  limestones,  clays,  pebbly 
layers,  secondary  volcanic  products,  ashes,  and  solid  basalts  fully  1,000 
feet  thick.  Very  fortunately  Doctor  Dall  visited  Oahu  just  as  I  was 
leaving  and  made  comparisons  of  the  shells  found  in  the  earthy  deposits 
with  those  now  living.  Some  species  of  Conus,  Purpura,  Chama,  and 
Ostrsea  are  apparently  extinct.  Hence  it  is  as  proper  to  call  the  Hawaiian 
beds  Pliocene  as  those  of  Fiji.  Doctor  DalFs  views  on  this  subject  are 
embodied  in  a  letter  published  elsewhere  in  this  communication. 

The  Pliocene  area  of  Oahu  coincides  very  nearly  with  the  lowland 
tracts  utilized  for  the  cultivation  of  the  sugar-cane  and  sisal,  from  Bar- 
bers point  to  Koko  head.  Smaller  patches  appear  at  Waianac,  Waialua, 
at  the  Kahuku  plantation,  Laie,  and  other  places  on  the  northeast  coast. 
This  distribution  suggests  the  existence  of  a  large  low  island  or  shoal  prior 
to  the  ejection  of  one  or  both  of  the  great  basalt  ranges.  If  so,  why  was 
there  not  also  a  submarine  Pliocene  or  older  foundation  for  the  whole 
archipelago  ?  This  would  not  render  it  necessary  to  abandon  the  notion, 
so  constantly  repeated,  that  the  beginnings  of  land  correspond  to  sub- 
marine volcanic  eruptions. 

Limestone  is  common  over  the  whole  plain  between  Ewa  and  Koko 
head,  not  merely  at  the  surface,  but  in  the  artesian  borings.J  A  locality 
of  interest  is  just  northeast  of  Diamond  head,  where  Doctor  Dall  found 
fossils  refierable  to 'the  Pliocene.  I  went  over  the  ground  last  summer 
under  the  guidance  of  Professor  Edgar  Wood  of  Honolulu,  who  showed 
nie  the  ledges  from  which  Doctor  Dall  obtained  his  specimens.  Proceed- 
ing farther  east,  the  promontory  of  Kupikipikio  was  found  to  consist  of 
basalt,  both  in  dikes  and  as  a  boss. 

The  dikes  cut  the  limestone  as  illustrated  in  plate  61,  figure  2,  and 
plate  62,  figure  1.  Figure  2,  plate  61,  shows  a  black  ledge  of  basalt  next 
to  the  water,  with  limestone  behind  it  higher  up.     The  black  stones  to  the 

*  Amer.  Jour.  Scl.,  IV,  vol.  ri,  p.   165. 

fPp,   81-84. 

I  Ban.  Geol.  Soc.  Am.,  vol.  ll,  p.  28  et  seq, 
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right  are  of  basalt.  Above  the  limestone  there  is  some  ash  before  reach- 
ing the  house.  Figure  1,  plate  62,  shows  a  ledge  of  limestone  in  the 
midst  of  the  ash,  while  beyond  are  the  basaltic  fragments  detached  bv 
weathering  from  the  boss.  The  locality  is  a  field  east  from  the  house 
shown  in  figure  2,  plate  61.  The  ash  was  spoken  of  in  my  Oahu  paper 
(page  45)  as  being  like  the  Diamond  Head  tuff.  The  tuff  and  the  ash 
merge  into  each  other  at  Kupikipikio,  and  the  latter  is  also  extensively 
spread  along  the  road  passing  around  the  north  side  of  Diamond  head. 
Both  probably  came  from  the  Kupikipikio  ejection. 

The  limestone  is  505  feet  thick  in  the  Campbell  well  on  the  seashore 
at  the  southwest  comer  of  Diamond  head,  beneath  270  feet  of  the  tuff.* 
It  is  thicker  here  than  in  any  other  of  the  wells  of  the  Honolulu  plain. 
The  limestones,  earths,  and  upper  basaltic  masses  lie  entirely  to  the  south- 
west of  Koolauloa.  Wells  sunk  near  the  Makiki  reservoir  to  the  depth 
of  200  feet  or  more  upon  this  basalt  fail^  to  discover  any  limestone, 
whence  it  is  inferred  that  the  Tertiary  series,  penetrated  by  nearly  all 
the  artesian  wells  in  the  vicinity  of  Honolulu,  represents  a  later  age, 
consisting  of  the  coral  reefs  built  upon  the  volcanics. 

The  BLACK  Ash 

Considerable  labor  has  been  expended  in  determining  the  sources  of 
the  black  ash  about  Honolulu,  and  it  was  concluded  that  it  came  from 
several  craters,  notably  Punchbowl  and  Tantalus,  as  well  as  from  Koko 
head,  Diamond  head,  and  Makalapa.  A  better  knowledge  of  the  condi- 
tions about  Diamond  head  leads  to  the  belief  that  the  ash  on  its  east- 
ern side  came  from  Kupikipikio.  Since  my  earlier  visit  a  good  road 
has  been  constructed  around  the  Head,  and  it  has  been  possible  to  exam- 
ine all  the  rocks  with  greater  care  and  precision.  There  are  beds  of  this 
ash  cut  by  the  road  on  the  northeast  and  north  sides  of  the  Head,  sloping 
toward  the  east.  A  part  of  the  material  has  changed  its  color  from  black 
to  reddish,  due  to  weathering.  It  is  generally  much  finer  grained  than 
the  ash  about  Honolulu.  It  has  not  been  observed  about  Diamond  head 
elsewhere  than  on  the  Kupikipikio  side,  where  it  would  have  naturally 
fallen  if  ejected  from  the  latter  opening,  being  carried  by  the  prevailing 
winds  so  as  to  fall  upon  the  slope  of  the  former.  So  also  had  the  ma- 
terial come  from  Diamond  head  we  should  expect  to  find  some  remnants 
of  it  at  least  upon  the  leeward  side.  The  position  of  Kupikipikio  may 
be  better  understood  by  noticing  the  dark  promontory  in  the  distance  in 

•Op  Clt,   p.   28, 
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the  photograph  (see  plate  61,  figure  1),  taken  from  high  up  Diamond 
heady  showing  the  eastern  rim  of  the  crater. 

Punchbowl  and  Diamond  Head  compared 

The  structure  of  Punchbowl  is  like  that  of  Diamond  head.  It  is 
mostly  composed  of  tuflf,  much  of  which  on  the  side  toward  the  city  has 
its  seams  filled  with  calcite.  In  the  quarry  below  the  reservoir  both  cal- 
cite  and  zeolites  are  found,  and  an  occasional  piece  of  basalt.  A  photo- 
graph (see  plate  62,  figure  2)  shows  the  relations  of  the  tuff  to  the 
black  ash.  The  person  in  the  foreground  stands  upon  the  decayed  upper 
layer  of  the  tuff.  He  is  looking  into  the  excavated  part  of  the  quarry. 
Behind  him  are  the  thick  layers  of  black  ash.  The  hill  in  the  back- 
ground is  Punchbowl.  The  phenomena  prove  that  the  black  ash  overlies 
the  triff,  and  that  a  long  interval  must  have  elapsed  between  the  ejection 
of  the  two  materials,  because  the  inferior  one  has  been  weathered.  It  is 
probable  that  the  first  material  came  from  beneath  the  sea,  while  the 
later  ash,  though  issuing  from  the  same  vent,  did  not  come  in  contact 
with  water,  and  with  it  came  another  basalt,  that  on  the  summit  of  Punch- 
bowl and  in  the  dikes  radiating  from  it.  The  extent  of  the  tuff  to  the 
southwest  is  shown  in  the  well  boring  at  the  Queens  hospital,  where  47 
feet  of  it  is  reported  underlying  13  feet  of  lime  sand  and  10  of  black  ash. 
The  Tertiary  is  well  shown  in  a  cutting  near  by  on  Vineyard  street,  15 
feet  of  sand  with  shells  being  exposed  beneath  the  black  ash. 

Similar  relations  of  the  tuff,  soil,  and  ash  have  been  observed  near 
Moanalua,  where  the  tuff  has  been  covered  by  an  ash  in  which  may  be 
seen  upright  trunks  of  trees.*  On  Fords  island,  in  Pearl  Kiver  lagoon, 
a  thin  layer  of  ash  has  been  found  intercalated  in  limestone,  f  Bather 
than  assume  the  ashes  to  have  been  erupted  simultaneously  in  the  Hono- 
lulu district,  it  may  be  better  to  say  that  similar  eolian  materials  have 
been  discharged  at  intervals  through  an  unknown  part  of  Tertiary  time. 

Doctor  Dall  has  noted  the  greater  abundance  of  limestone  in  Diamond 
head,  where  the  tuff  is  fairly  saturated  with  it,  than  in  Punchbowl.  A 
walk  up  the  southwest  slope  of  Punchbowl  will  satisfy  any  one  that  the 
seams  are  as  fully  filled  with  this  mineral  as  in  the  northern  part  of 
Diamond  head,  and  in  the  quarry  it  is  not  wanting,  accompanied  with 
zeolites.  The  appearance  of  this  calcareous  incrustation  is  shown  in 
the  photograph  (plate  63)  of  veins,  filling  seams,  on  the  road  on  the 
east  side  of  Diamond  head.  The  conchoidal  fracture  of  the  larger 
blocks  is  coated  with  calcareous  incrustations,  and  the  vertical  scams  are 

•  QeolQK7  of  Oabu,  j>l.  6,  flg.  2. 
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largely  composed  of  the  same  material.  It  was  stated  above  that  over 
500  feet  of  limestone  underlies  the  south  end  of  Diamond  head,  and  only 
30  feet  in  the  well  at  the  Queens  hospital  adjacent  to  PunchbowL  As 
the  volcanic  ejection  brought  up  the  underlying  rock.  Diamond  head 
should  show  very  much  more  of  it  than  Pimchbowl.  It  is  also  on  the 
seashore  adjacent  to  the  reef  from  which  come  quantities  of  eolian  cal- 
careous sand.  Punchbowl  is  half  a  mile  distant  from  the  seashore,  and 
therefore  would  not  be  expected  to  be  supplied  so  abundantly  with  blown 
sand. 

An  examination  on  the  inwardly  dipping  layers  near  the  highest  point 
of  Diamond  head  reveals  a  very  liberal  supply  of  limestone.  It  was  here 
that  I  found  coral  and  shells  in  1883.  The  photograph  in  plate  61, 
figure  1,  shows  the  abundant  supply  in  the  layers  of  tuff  in  the  fore- 
ground on  the  right-hand  side.  The  standpoint  is  quite  near  the  sum- 
mit, and  the  view  was  taken  to  show  the  rim  of  the  cone,  the  interior, 
and  the  black  promontory  of  Kupikipikio  in  the  distance. 

In  this  connection  it  is  proper  to  advert  to  the  abundance  of  limestone 
in  the  inside  of  the  crater  at  Salt  lake.  Not  merely  are  the  fragments 
abundant,  but  the  original  reef  itself  must  be  present.*  The  western 
Koko  head  is  equally  prolific  with  limestone  blocks,  though  from  a  hasty 
examination  I  am  not  prepared  to  say  that  the  original  ledge  can  be  de- 
tected. The  limestone  has  not  been  seen  in  the  lowest  part  of  the  inside 
of  Diamond  head,  but  there  is  a  pond  there  entirely  dry  except  after 
heavy  rains.  This  is  shown  in  plate  60,  figure  2,  and  plate  61,  figure  1, 
shows  the  character  of  the  erosion  on  the  west  side  of  the  Head. 

The  Talus-breccia  Deposit  with  Land  Shells 

At  the  southern  base  of  Diamond  head,  at  a  quarry  not  far  from  the 
-terminus  of  the  electric  road  (1905),  is  an  extensive  excavation  in  a 
talus-breccia  of  tuff  with  a  calcareous  cement.  This  carries  shells  of 
Lepachtinia,  Helicona,  Pitys,  Succinea,  Pupa,  and  Helix  lamblata,  as 
heretofore  reported.  A  similar  deposit  may  be  found  skirting  the  base 
of  the  cone,  probably  on  every  side  as  well  as  in  the  inside,  but  it  is  seen 
to  the  best  advantage  where  the  new  road  has  cut  into  it  between  the 
quarry  and  the  lighthouse.  Near  the  lighthouse  the  specimens  of  shells 
are  particularly  abundant  because  of  the  greater  magnitude  of  the  ex- 
cavations. To  the  list  given  above  may  be  added  Amastra  and  Endo- 
donta,  and  Professor  G.  H.  Perkins  found  in  addition,  lower  down  the 
cliff,  the  remains  of  Crustacea.  Mr  C.  Montague  Cooke,  of  the  Bishop 
Museum,  has  discovered  additional  localities  of  these  shells  upon  Bocky 

•  Geology  of  Oabu,  p.  38. 
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hill  and  in  Manoa  valley,  scattered  among  the  uncemented  talus  blocks 
of  that  region,  and  in  the  surface  soil.  The  geological  age  of  all  these 
localities  must  be  the  same.  The  list  of  them,  including  a  few  collected 
by  Mr  Cooke  and  identified  by  him,  is  as  follows : 

Lepachtinia,  five  or  six  species;  several  of  Amastra;  Tomatella,  two 
species ;  Pupa ;  Endodonta,  two  species ;  Helicina,  one  species ;  Succinea. 

Mr  Cooke  speaks  of  them  as  "subfossil."  It  remains  to  be  determined 
whether  any  of  the  species  are  extinct. 

This  talus-breccia  must  be  newer  than  the  date  of  the  eruption  of  the 
tuff,  because  it  is  the  same  material,  detached  from  the  cliff  by  gravity 
after  consolidation.  The  cementing  substance  may  be  either  fragments 
of  lime  in  the  tuff  or  blown  sand  from  the  seashore ;  and  there  must  have 
been  quite  an  interval  between  the  ejection  of  the  tuff  and  the  presence 
of  the  animals,  because  the  base  rock  must  have  suffered  disintegration 
so  as  to  allow  the  growth  of  herbs  and  small  trees  and  the  migration 
hitherward  of  the  Mollusca.  This  interval  was  probably  the  same  as  the 
one  indicated  at  the  Punchbowl  and  at  Moanalua. 

It  is  highly  probable  that  these  shells  represent  a  late  stage  of  the 
Pliocene,  partly  because  they  seem  to  be  older  than  the  existing  hand- 
some species  of  AchatinellidBe  and  partly  because  of  the  presence  of  a 
marine  deposit  overlying  the  quarry  mentioned  above.  Two  views  of  the 
origin  of  the  Achatinella  have  been  promulgated — ^the  first,  that  of 
Professor  Pillsbry,  that  it  has  come  from  a  type  analogous  to  LimncBa,  as 
determined  by  anatomical  characters;  the  second  of  a  derivation  from 
Bulimulus,  because  of  conchological  peculiarities. 

The  latest  Submebgencb  and  Keelevation 

It  would  seem  as  if  there  must  be  evidence  of  the  submergence  of  Oahu 
after  the  accumulation  of  the  talus-breccia  to  the  depth  of  250  feet.  The 
relation  of  the  deposit  to  the  talus-breccia  may  be  seen  at  the  quarry, 
where  at  the  altitude  of  about  40  feet  there  is  a  red  earth  with  many 
marine  remains  directly  overlying  the  talus-breccia.  Beside  the  mol- 
lusca, there  are  corals  and  remains  of  fish.  This  is  the  only  place  where 
the  relations  of  these  shells  to  the  talus-breccia  is  clear.  What  seems  to 
be  the  same  material  rises  to  200  feet  at  the  north  base  of  Diamond  head 
and  also  at  lower  levels.  I  do  not  recognize  anything  like  a  shoreline, 
but  the  marine  shells  are  frequent.  Near  Doctor  Wood's  summer  house, 
near  Eupikipikio,  are  Cypreas  and  Turbo,  both  shells  and  opercula. 
The  surface  is  strewn  with  rough  blocks.  The  shells  are  seen  when  the 
lava  fragments  are  thrown  to  one  side  in  a  very  red  earth,  the  residuary 
remains  of  the  Eaimuki  lava. 
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A  study  of  the  fields  at  the  Waialna  plantation  gives  related  lesults. 
The  cultivated  tracts  seem  like  aqueous  and  residuary  depoaits,  utilized 
to  the  height  of  about  300  feet.  I  found  shells  and  opercula  of  the 
marine  gastropods  in  numerous  localities  and  Melanias  up  to  250  feet 
altitude.  I  had  no  opportunity  to  see  these  remains  in  any  excavations ; 
they  all  lie  on  the  surface  of  the  ground. 

I  think  a  little  search  will  prove  the  existence  of  seaclifiFs  toward 
Kaena  point,  to  the  west  of  Waialua.  Looking  from  the  railroad  train, 
there  seems  to  be  three  wave-cut  terraces  in  the  basalt,  the  highest  one  at 
about  the  level  of  the  shells  picked  up  from  the  sugar  fields.  The  excava- 
tions may  not  be  strongly  marked,  as  it  is  presumed  that  the  time  of  the 
submergence  was  brief;  but  it  seems  evident  that  there  must  have  been  a 
very  recent  depression  of  the  island  to  the  depth  of  250  feet,  very  likely 
in  the  Pliocene.  If  so,  the  age  of  the  smaller  land  shells  in  the  talus- 
breccia  will  be  established.  As  has  been  remarked,  it  would  seem  neces- 
sary for  as  long  a  period  as  that  to  have  elapsed  to  account  for  the  devel- 
opment of  the  Achatinellidffi. 

Relation  op  the  basaltic  Ejections  to  Diamond  Head 

The  question  has  arisen,  What  is  the  relation  of  Kaimuku  to  Diamond 
head?  In  my  geology  of  Oahu  (page  75)  I  have  referred  to  the  meeting 
place  of  the  two  rocks,  the  basalt  apparently  overlying  the  tuff.  The 
road  now  passes  near  the  line  of  junction  of  the  two  rocks.  It  looks  as 
if  the  basalt  had  affected  the  tuff,  the  former  pressing  against  the  latter 
and  the  two  interlocking. 

If  Kaimuki  is  related  to  the  dike  at  Kipikipikio,  it  is  later  in  origin 
than  the  tuff;  or  if  the  similar  rock  at  Punchbowl  is  considered,  the 
basalt  is  the  newer,  as  it  lies  in  the  throat  of  the  vent,  adjacent  to  the 
black  ash,  which  is  confessedly  the  newest  volcanic  product.  The  basalts 
would  seem  to  have  been  erupted  later  than  the  tuff,  after  the  land  had 
risen,  because  the  material  is  neither  fragmental  nor  hydrous.  They  are 
later  than  the  limestones  which  they  have  cut  through. 

Some  of  the  artesian  wells  show  the  presence  of  a  thin  basalt  inter- 
calated in  limestone  or  earth,  thus  indicating  an  earlier  eruption. 

Conclusions 

1.  Diamond  head  is  a  tuff  cone  thrown  up  explosively  from  beneath 
the  level  of  the  sea,  and  is  to  be  compared  with  the  Monte  Nuovo,  near 
Naples. 

2.  It  was  ejected  through  fossiliferous  limestones  of  Tertiary  age, 
probably  Pliocene. 
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Definition  and  Examples 

At  the  New  York  meeting*  of  the  Society  I  gave  some  account  of  a 
singular  depression  on  the  southwest  slope  of  Manna  Loa,  calling  it  a 
caldera.  My  information  concerning  it  came  primarily  from  descrip- 
tions of  the  topography  given  by  Mr  J.  S.  Emerson,  of  the  Hawaiian 
Trigonometrical  Survey,  which  form  the  basis  of  the  official  map  of 
Hawaii  published  in  1901.  Mr  Emerson  had  read  a  paper  on  the  subject 
before  the  Social  Science  Association  of  Honolulu  in  October,  1895, 
which  was  published  in  the  American  Journal  of  Science  in  December, 
1902,  under  the  title  of  *'Some  characteristics  of  Kau.**  During  the  past 
summer  (1905)  I  have  visited  the  locality,  and  now  proceed  to  describe 
the  ascertained  facts  and  to  draw  certain  conclusions  therefrom. 

A  caldera  is  conceived  by  Captain  C.  E.  Dutton,  who  proposed  the 
name,  to  be  an  immense  depression  "formed  by  the  dropping  of  the 
mountain  crust  which  once  covered  a  reservoir  of  lava.'*    The  pits  of 
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Mokuaweoweo  and  Kilauea  on  Hawaii,  Haleakala  on  Maui,  and  Crater 
lake  in  Oregon  are  cited  as  examples. 

Location  and  Peculiarities  op  Mohokea 

The  Mohokea  depression  is  situated  in  Kau,  in  the  southwestern  part 
of  the  island  of  Hawaii,  to  the  north  of  the  harbor  of  Honuapo,  which  at 
present  is  the  end  of  the  sea  voyage  for  those  who  skirt  the  leeward  side 
of  the  great  island  on  the  way  from  Honolulu  to  Kilauea.  There  is  a 
line  of  stages  from  Honuapo  to  the  volcano,  rising  gradually  for  a  dis- 
tance of  30  miles  to  the  altitude  of  4,040  feet.  Hilea,  about  4  miles  from 
the  seaport,  is  the  best  point  from  which  to  traverse  the  depression.  It  is 
the  residence  of  the  head  overseer  of  the  sugar  plantation,  who  very  kindly 
accompanied  me  to  the  principal  points  of  interest  in  the  caldera.  Prom 
the  house,  situated  upon  lava,  the  road  ascends  a  steep  hill  covered  by 
volcanic  ashes  to  about  1,200  feet  altitude,  and  thence  another  thousand 
feet  to  Makawao,  where  the  soil  seems  to  have  originated  from  rock  de- 
composition. This  hill  is  on  the  southeast  side  of  Eaiholena,  the  highest 
elevation  in  the  district. 

Mauna  Loa  is  an  elongated  dome  13,650  feet  in  height,  sloping  grad- 
ually to  the  sea  or  to  an  intersection  with  an  adjacent  volcano.  On  the 
Qorthwest  side,  next  to  Hualalei,  the  base  is  4,500  feet ;  on  the  northeast 
side,  next  to  the  extinct  Mauna  Kea,  at  the  sheep  ranch  Humuula,  the 
col  is  6,600  feet ;  on  the  southeast  side,  next  to  Kilauea,  the  base  is  about 
3,800  feet.  The  slopes  to  the  sea  at  Hilo  and  South  cape  are  gradual 
for  distances  of  30  miles.  The  mass  of  Kilauea  is  often  regarded  as 
being  on  the  flank  of  Mauna  Loa,  because  the  discharges  from  the  latter 
cover  up  much  of  the  former.  Kilauea  is  as  well  defined  a  caldera,  with 
its  own  periods  of  eruption,  as  Mokuaweoweo.  The  locations  of  the 
eruptions  from  Kilauea  range  from  Nanawili,  in  Puna,  on  the  east,  to 
Punuluu  on  the  west,  which  is  on  the  seashore  only  3  miles  from  Hilea. 
A.  very  conspicuous  fault  extends  20  miles  long  from  Kohaualea  westerly 
to  near  the  flow  of  1823.  The  land  makai  (shoreward)  of  this  fault  has 
dropped  down  1,100  feet.  A  somewhat  similar  but  more  irregular  es- 
carpment may  be  traced  from  near  Kapapala  to  VV^aiohinu,  17  or  18  miles 
in  length,  but  is  on  the  south  slope  of  the  mass  of  Mauna  Loa.  The 
caldera  of  Mohokea  has  this  escarpment  for  its  southern  boundary.  It  is 
an  elliptical  depression,  6  miles  long  northwest  and  southeast,  and  5 
miles  wide  northeast  and  southwest,  but  truncated  by  the  escarpment 
named.  It  has  been  hollowed  out  from  the  basaltic  sheets  of  Maima  Loa. 
The  total  area  is  about  30  square  miles. 
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Mohokea  differs  from  the  other  calderas  in  three  respects : 

1.  It  is  not  inclosed  on  all  sides,  so  as  to  be  properly  a  pit.  It  is  open 
on  the  makai  side. 

2.  There  have  been  several  flows  of  lava  from  it  on  the  open  side. 
(a)  From  the  broadest  part,  between  Pun  Enuhe  and  Makawao.  It  is 
of  aa,  and  has  flowed  down  to  the  sea  between  Punuluu  and  an  older 
similar  stream  toward  Honuapu.  It  is  evidently  comparatively  recent, 
though  not  recognizable  in  the  legends  of  the  oldest  inhabitant.  It  can 
not  have  been  active  less  than  two  centuries  ago.  (b)  A  small  aa  flow 
starts  from  the  cliff  on  the  west  side  of  the  gulch  flanking  Makawao  on 
the  west.  It  does  not  reach  quite  to  the  stage  road  at  Hilea.  It  is  very 
chrysolitic  and  has  issued  from  under  the  later  pahoehoe  which  overlies 
the  yellow  ash  in  the  immediate  neighborhood,  (c)  Another  aa  stream, 
still  farther  west,  is  about  one  mile  wide  where  it  crosses  the  road.  It 
issued  from  the  cliff  on  the  west  side  of  Makawao,  but  from  between  two 
spurs  of  the  older  pahoehoe.  Following  this  the  road  traverses  a  mile  of 
pahoehoe  before  coming  to  (d),  the  last  aa  flow,  one  and  a  half  miles 
wide,  reaching  to  a  short  distance  east  of  the  sugar  mill  at  Honuapo. 
The  older  aa  streams  are  covered  by  large  kukui  trees  (Cordia),  with 
their  characteristic  lighter  yellow  green  color,  rendering  them  conspicuous. 

3.  The  greatest  peculiarity  in  Mohokea  consists  in  the  presence  of  two 
parallel  lines  of  faulted  blocks  running  northwest  from  the  southeastern 
edge.  The  one  on  the  east  is  known  at  Puu  Enuhe,  rising  precipitously 
along  the  edge  of  the  cliff  to  the  height  of  2,327  feet.  This  is  the  most 
conspicuous  of  all  the  blocks  and  is  the  one  most  like  the  buttes  of  the 
Rocky  Mountain  region.  The  ridge  behind  the  outer  block  falls  away 
gradually  for  nearly  3  miles,  and  then  rises  again  abruptly  to  Kulua, 
only  to  fall  away  again  as  at  first,  and  reaches  nearly  to  the  innermost 
wall  of  the  caldera.  Viewed  from  a  distance  on  either  flank,  the  ridge 
resembles  a  huge  worm  with  a  great  head  and  a  swelling  near  the  caudal 
extremity.  This  resemblance  caught  the  attention  of  the  early  Ha- 
waiians,  who  recite  an  interesting  legend  respecting  its  origin.* 

To  the  west  of  Puu  Enuhe  lies  a  valley  one  and  a  half  miles  wide. 
It  is  inhabited  by  Hawaiians  who  exhibit  characteristic  features  of  the 
life  of  the  olden  time.  They  are  highlanders  as  contrasted  with  low- 
landers.     On  the  west  side  the  valley  is  flanked  by  stupendous  blocks,  of 

*  Tery  long  ago  there  lived  here  a  charming  maiden  with  three  brothers.  Among  her 
visitors  was  one  possessing  great  attractions,  who  always  came  after  darlc  and  left 
before  daylight.  The  brothers  found  that  their  sister  loved  this  visitor,  and  they  had 
suspicions  that  he  was  more  than  mortal.  In  order  to  satisfy  themselves  they  seized 
bold  of  him  Just  as  he  was  leaving,  and  compelled  blm  to  remain  with  them.  As  soon 
as  daylight  came  he  was  changed  Into  this  enormous  worm.  He  was  evidently  one  of 
those  deities  who  could  not  retain  the  human  form  in  the  presence  of  mortals  after 
daylight 
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which  the  first  is  Makawao,  estimated  to  exceed  3,500  feet  in  height.  It 
is  hardly  separated  from  Pakua,  which  is  not  represented  on  figure  ,  a 
map  of  this  district  copied  from  the  govemment  map  of  Hawaii,  1901. 
A  broader  notch  separates  Pakua  from  Kaiholena,  3,824  feet  high. 
There  are  five  blocks  in  this  row,  into  the  last  of  which  a  tunnel  has  been 
driven  two  hundred  feet  in  quest  of  water  for  irrigation.  The  east  side 
of  this  line  of  blocks  is  quite  precipitous,  representing  the  place  of  a 
fault.  Both  the  lines  of  blocks  have  been  elevated,  as  indicated  on  the 
map,  their  altitudes  being  greater  than  that  of  the  adjacent  territory. 
The  lowland  between  the  elevated  blocks  and  the  east  side  rises  gradually 
to  the  steep  wall  behind,  toward  Puu  iki.  The  land  is  not  cultivated  for 
most  of  the  distance,  and  is  covered  by  the  original  forest  of  tree-ferns, 
ohias,  and  other  hardwood  trees,  similar  to  those  seen  on  the  volcano 
road  in  Olaa.  On  the  west  side  of  Pakua  may  be  seen  the  bed  of  a  moun- 
tain torrent,  usually  dry,  but  often  too  full  of  water  to  be  safely  forded. 
This  skirts  the  eastern  border  of  another  lowland  area  like  those  already 
mentioned,  save  that  it  is  cultivated  and  used  for  pasturage.  It  is  over 
a  mile  wide  and  has  a  floor  of  fresh  looking  pahoehoe,  sloping  gradually 
to  the  edge  of  the  frontal  escarpment,  about  1,200  feet  high.  Eruptions 
of  aa  have  proceeded  from  this  edge  along  the  whole  width  of  the  caldera. 
The  Enuke  and  Kaiholena  ridges  are  higher  than  the  slopes  of  the 
Mauna  Loa  basalt  opposite  them,  of  which  it  is  supposed  they  once  formed 
a  part.  Hence  the  lowland  depressions  can  not  be  regarded  as  the  results 
of  canyon  erosion;  they  probably  were  depressed,  while  the  blocks  were 
elevated.  Following  the  definition  of  the  caldera,  it  may  be  said  that 
portions  of  the  mountain  crust  were  dropped,  while  other  sections  were 
elevated.  Its  development  was  arrested.  The  making  of  the  caldera 
was  incomplete.  Possibly  the  great  size  of  Mohokea,  comprising  30 
square  miles,  while  Haleakala  is  only  19,  may  have  militated  against  the 
thorough  fusing  of  the  entire  bulk. 

Mohokea  compaued  with  Haleakala 

For  a  further  understanding  of  a  caldera,  reference  should  be  made  to 
Haleakala  on  Maui.  This  pit  has  an  area  of  19  sqtiare  miles  and  the 
shape  of  an  elbow.  It  is  4  miles  across  from  the  outer  to  the  inner  angle. 
The  greatest  length,  toward  (east)  Kaupo,  is  7.48  miles.  Toward 
Koolau  (north)  the  distance  is  6  miles.  The  greatest  width  is  2.37 
miles.  The  depression  is  2,000  feet  deep,  with  many  small  craters  in- 
side— up  to  760  feet  in  altitude — so  it  is  a  true  caldera.  The  north  arm 
is  called  Koolau  gap ;  the  east  arm  is  called  Kaupo  gap.    There  is  a  grad- 
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ual  descent  from  the  axis  connecting  the  outer  to  the  inner  angles  of  the 
elbow  in  both  directions.  Where  the  outermost  edges  of  the  two  arms  are 
reached  there  is  a  more  rapid  descent,  commencing  with  6,500  feet  at 
Koolau  and  7J600  feet  at  the  Kaupo  gap. 

The  similarity  between  the  Mohokea  and  Haleakala  calderas  consists 
in  the  presence  of  steep  escarpments  at  the  lower  edges  of  the  floor,  and 
both  are  unlike  the  typical  examples  (Kilauea),  in  that  they  are  open  on 
one  side,  not  encircled  by  a  cliff.  Haleakala  could  be  conceived  of  as 
consisting  of  two  smaller  calderas  united  along  the  axis  of  the  elbow; 
or  it  might  be  imagined  as  formed  by  the  splitting  of  the  mountain  and  a 
separation  of  the  two  parts,  the  space  between  being  filled  by  later  dis- 
charges. 

The  gaps  are  each  continued  in  broad  valleys  to  the  sea.  Koolau 
merges  into  the  Keanae  valley,  reaching  the  sea  at  the  village  of  that 
name,  9  or  10  miles  long.  This  valley  is  now  crossed  transversely  by  an 
aqueduct  fully  1,200  feet  above  the  sea,  carrying  water  for  irrigation  pur- 
poses to  the  sugar  plantations  of  central  Maui.  The  Kaupo  gap  extends 
to  the  sea  in  a  similar  manner,  taking  its  name  from  the  locality.  These 
two  streams  of  lava  are  larger  than  any  now  known  elsewhere  in  the 
archipelago.  If  the  lava  should  accumulate  enormously  in  Kilauea,  and 
one  stream  flow  south  to  Punaluu  and  the  other  break  through  the  bar- 
rier to  the  edge  of  Puna  and  thence  to  the  sea,  the  topography  of  the 
caldera  and  its  outflows  would  be  very  suggestive  of  Haleakala. 

Two  views  of  Haleakala  are  presented.  Plate  65  is  a  restoration — an 
attempt  to  show  the  appearance  of  the  caldera  as  if  one  were  situated  in 
a  balloon  a  thousand  feet  above  the  highest  point.  It  is  reduced  from  a 
painting  by  E.  Bailey,  based  upon  W.  D.  Alexander's  early  map.  Plate 
66  is  a  photograph  of  the  south  wall  of  Kaupo,  with  views  of  some  of  the 
smaller  craters  inside  the  pit. 

Phases  in  the  Development  of  Hawaiian  Calderas 

It  is  easy  to  speculate  on  the  relations  of  the  several  Hawaiian 
calderas. 

At  first  there  is  a  simple  crater  discharging  lava  from  the  summit  of  a 
dome. 

Secondly,  the  lava  is  not  produced  in  suflicient  quantity  to  flow  over 
the  margin ;  the  opening  is  sealed,  and  then  tbe  outermost  crust  breaks  up. 
The  crust  is  too  vast  to  be  absorbed ;  blocks  of  it  will  be  elevated ;  other 
sections  will  be  absorbed,  and  the  outer  wall  on  the  makai  side  may  give 
way.  There  will  be  discharges  on  the  lower  side.  This  may  be  the 
Mohokea  stage. 
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Thirdly,  all  the  segments  of  the  crust  fall  into  the  reservoir  beneath ; 
vertical  walls  encircle  a  pit.  This  is  the  stage  of  Kilauea  and  Mokua- 
weoweo. 

Fourthly,  the  caldera  with  encircling  walls  is  formed,  but  the  lower 
walls  give  way.  Great  rivers  of  lava  flow  to  the  sea.  As  the  fires  die 
down  several  small  craters  are  developed  on  the  principal  floor.  This  is 
Haleakala. 

Fifthly,  the  eruptions  of  the  smaller  craters  like  Halemaumau  multiply 
and  the  whole  pit  is  filled.  The  caldera  is  smothered,  the  smaller  craters 
continue  to  be  developed  until  the  internal  reservoir  is  exhausted.  This 
is  the  Mauna  Kea  stage. 

I  could  count  twenty-four  craters  of  small  size  visible  from  its  summit, 
and  the  government  map  delineates  between  75  and  80  of  these  cinder 
cones  above  the  contour  of  6,500  feet.  Most  of  them  represent  the  latest 
stages  of  the  volcanic  life  of  Mauna  Kea  and  not  improbably  the  filling 
of  a  now  concealed  caldera. 

Volcanic  Ash  of  Hawaii  and  its  Source 

The  district  of  Kau  between  Puna  and  Kona  is  proverbially  dusty. 
The  floor  is  of  modem  lava,  covered  over  an  area  of  300  square  miles  with 
a  light  yellowish  dust.  Mountain  torrents  haye  washed  away  some  of  it, 
revealing  basalts  just  beginning  to  disintegrate;  that  which  remains  is 
very  loose,  easily  moved  by  wind  or  water.  In  the  older  days  the  natives 
enjoyed  jumping  from  a  high  bank  into  the  dust,  just  as  they  might  leap 
from  a  bluff  into  the  water.  Of  course  this  material  is  badly  cut  down 
by  teams  along  the  roads.  It  is  utilized  for  the  growth  of  sugarcane 
everywhere  that  plantations  exist  on  the  west  side  of  Kilauea.  These 
soils  are  free  from  rocks  and  are  very  deep,  so  that  a  crowbar  or  cane 
may  be  readily  thrust  down  its  whole  length,  just  as  would  be  true  of 
large  piles  of  wood  ashes  in  a  dry  country.  Neither  is  there  anything 
adhesive  in  this  dust  when  wet.  No  part  of  it  adheres  to  one's  shoes 
when  walking  over  it  in  time  of  rain. 

These  soils  suffer  badly  from  drought.  Extensive  fields  will  be 
parched  and  clouds  of  dust  will  be  very  annoying,  even  imparting  a  red- 
dish yellow  tint  to  the  sky.  When  the  rain  comes  in  torreixts  much  dam- 
age will  be  done  to  the  land  by  the  cutting  of  trenches  and  the  trans- 
portation of  earth.  The  dry  and  wet  periods  are  registered  in  the  varied 
and  irregular  length  and  diameter  of  the  joints  of  the  sugarcane  stalks. 
In  the  season  of  drought  much  pains  are  taken  to  prevent  the  starting 
of  fire  in  the  grass,  as  it  spreads  long  distances  beneath  the  surface,  be- 
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cause  the  spongy  nature  of  this  ash  will  allow  the  access  of  air  to  support 
the  combustion. 

It  is  often  dangerous  to  trayerse  the  forests  above  the  plantations  on 
horseback,  because  the  animals  unexpectedly  plunge  into  unseen  deep 
holes  and  break  their  legs.  Surveyors  find  it  impracticable  to  carry  sup- 
plies to  their  workmen  by  direct  routes  over  these  soils  and  necessarily 
make  wide  detours. 

In  traveling  from  Kilauea  southwesterly  through  Kau  this  ash  first 
appears  in  small  isolated  areas  4  miles  from  the  volcano,  and  then  in- 
creases in  amount  and  importance,  and  is  more  noticeable  about  the 
"Halfway  House."  Between  this  and  Pahala  certain  piles  of  it,  as  at 
the  level  of  1,800  feet,  resemble  terraces.  It  is  the  material  supporting 
the  Pahala  sugar  plantations.  It  has  been  covered  at  various  places  in 
Kau  by  flows  of  pahoehoe.  An  isolated  hill  of  this  sort  near  the  tram- 
way a  mile  or  more  northeast  from  Punaluu  harbor  is  conspicuous.  As 
a  rule,  the  lands  near  the  sealevel  have  either  lost  this  ash  by  rain  erosion 
or  it  is  covered  by  the  later  lava  flows.  Most  of  the  peaks  in  the  Mohokea 
area  are  capped  by  the  ash,  though  it  is  recognized  most  abundantly  near 
the  southeast  margin. 

The  promontory  called  Kahuku  point.  South  Cape,  and  Ka  Lae  is  like- 
wise covered  by  this  ash,  and  has  attained  the  thickness  of  10  feet,  sepa- 
rated into  two  parts  by  a  thin  seam  of  earth.  The  late  eruptions  of  1868 
and  1887  destroyed  the  continuity  of  this  deposit  between  Kahuku  and 
Kona. 

Mr  Emerson  has  discussed  the  problem  of  the  source  of  the  aerial  erup- 
tion, and  the  writer  has  referred  to  the  same  question  in  a  paper  on  the 
volcanic  phenomena  in  Hawaii.* 

King  Umi*8  road  is  referred  to  as  giving  evidence  of  the  presence  of 
those  ashes  for  three  and  a  half  centuries.  He  occupied  a  tract  of  land 
between  Mauna  Loa  and  Hualalei,  where  some  of  the  edifices  constructed 
by  him  were  figured  by  Admiral  Wilkes  and  are  still  to  be  seen.  The 
road  ran  north  and  south,  parallel  to  the  shore  of  Kona,  7  or  8  miles 
distant,  to  a  natural  amphitheater  on  the  southern  slope  of  Puu  o  Keo- 
keo,  where  immense  crowds  of  Hawaiians  gathered  to  witness  the  cock 
fights.  The  pens  still  stand  as  they  were  in  limits  day.  The  road  over 
this  ash  is  said  to  be  only  two  or  three  feet  wide.  If  a  mule  traversing 
this  path  deviated  but  a  few  feet  on  either  side  he  would  sink  down  to  his 
girth  and  flounder  helplessly.  If  a  shower  of  pumice  or  lapilli  had  fallen 
since  the  days  of  Umi,  the  road  and  the  pens  would  have  been  swept  away 
or  covered  up.  Hence  we  must  regard  the  ash  deposit  as  the  latest  forma- 
tion of  the  neighborhood,  though  still  several  centuries  old. 

•  BulL  Geol.  Soc.  Am.,  toI.  12,  9.  83. 
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chief  discharge  of  lava  was  on  the  flank  of  Mauna  Loa  several  miles 
west  of  Mohokea^  and  there  was  another  from  Kilanea  in  the  opposite 
direction. 

Eruptions  op  Lava  prom  the  lower  Levels 

The  Maima  Loa  flows  may  be  classifled  by  the  altitudes  at  which  the 
discharges  take  place.  Firsts  those  from  the  upper  part  of  the  dome,  as 
those  of  1843,  1852,  1855,  1859,  1880,  1889,  and  1899,  starting  from 
9,000  to  11,000  feet  above  the  sea.  They  are  strongly  characterized  by 
a  hydrostatic  connection  with  the  central  pit  at  Mokuaweoweo.  The  lava 
comes  from  the  extreme  depth  imder  the  ocean  to  the  caldera,  and  after 
two  or  three  days'  stay  at  the  summit  it  breaks  out  quietly  on  the  side  of 
the  mountain,  and  may  flow  to  the  sealevel  in  the  course  of  several 
months.  The  other  class,  as  represented  by  the  flows  of  1868  and  1887, 
shows  first  the  same  supply  of  lava  at  the  summit,  but  breaks  out  low 
down,  3,000  or  6,000  feet  above  the  sea,  with  violent  earthquakes,  those 
lowest  down  being  the  most  frightful,  and  the  lava  issues  tumultuously 
through  long  fissures.  I  can  now  add  quite  a  number  to  the  list  of  those 
that  have  issued  from  the  lower  level.  They  were  prehistoric,  so  that  it  is 
impossible  to  connect  them  with  manifestations  in  Mokuaweoweo. 

In  this  class  I  will  include  several  undefined  aa  eruptions  east  of  Pa- 
hala.  The  first  poses  on  the  government  map  as  having  been  erupted  in 
1823,  and  is  quite  near  Kilauea.  As  there  represented,  I  think  it  is  made 
up  of  three  eruptions.  The  first,  prehistoric,  9,300  feet  above  the  sea, 
near  Puu  ula  ula,  well  shown  on  E.  D.  Baldwin's  unpublished  survey. 
This  probably  was  of  the  first  class,  originating  high  up.  The  second 
part  must  have  been  of  the  kind  originating  low  down,  starting  near  the 
line  between  the  Mauna  Loa  and  Kilauea  areas,  at  an  elevation  of  more 
than  3,000  feet.  A  macadamized  road  now  crosses  it  diagonally  for  as 
much  as  6  miles,  and  it  is  certainly  of  prehistoric  age.  It  has  moved 
southwest  with  very  little  fall.  The  third  part  originated  from  Kilauea 
in  1823,  and  is  probably  the  only  area  that  came  to  the  surface  at  that 
time.  It  was  visited  by  Reverend  Mr  Ellis  in  1823  and  is  described  in 
his  journal.* 

The  second  mention  is  that  of  one  or  more  ancient  flows  between  the 
Halfway  House  and  Pahala.  Some  of  them  cover  the  yellow  ash  beds, 
others  are  much  older,  or  at  least  they  had  their  day  before  the  deposit 

^  I  hare  been  unable  to  discover  from  whence  the  compllera  of  the  map  could  hare 
derived  the  theory  of  the  connection  between  the  upper  eruption  of  Mauna  Loa  and 
that  from  KUauea  in  1823.  None  of  the  Survey  officers,  past  or  present,  can  state 
whence  the  information   was  obtained. 
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of  ash.  Some  of  the  recent  exposures  show  a  beautifully  smooth  pahoe- 
hoe,  which  when  protected  by  an  earthy  covering  really  recall,  by  their 
freshness  and  smoothness,  glaciated  surfaces  in  more  northern  climes. 
Mr  Mann,  one  of  the  limas  at  Hilea,  told  me  he  had  seen  five  different 
lava  flows  belonging  to  this  later  period  to  the  east  of  Pahala.  They  have 
a  thickness  of  28  feet.     This  is  in  the  vicinity  of  the  mud  flow  of  1868. 

Thirdly,  extensive  aa  flows,  which  have  originated  in  the  depressed 
area  of  Mohokea  east  of  Puu  Enuhe. 

The  fourth  eruption  is  aa  from  between  Puu  Enuhe  and  Makawao. 

The  fifth  eruption  is  made  up  of  at  least  three  aa  flows  and  the  later 
pahoehoe  between  Hilea  and  Hanuapo. 

In  the  sixth  area  there  are  some  undetermined  factors.  Undoubtedly 
there  were  discharges  on  the  Kahuku  promontory  between  Honuapo  and 
the  1868  flow,  but  we  are  sure  of  those  of  1868  and  1887,  which  have 
been  fully  described.  Farther  north  I  observed  from  the  steamer  half  a 
dozen  of  these  short  flows,  of  very  modem  aspect,  before  reaching  Cape 
Honumalo.  Here  commences  the  steeper  slopes  of  the  Kona  district  for 
a  distance  of  60  miles.  Much  of  the  way  the  1,000-foot  contour  is  only 
a  mile  back  from  the  shore,  and  it  rises  nearly  as  rapidly  to  3,000  tmd 
4,000  feet.  I  observed  fresh  black  lava  flows  at  Hoopaloa,  Naupoopoo, 
and  Kailua.  It  was  dark  as  I  sailed  from  Hoopaloa  to  Naupoopoo,  so  it 
was  not  possible  to  say  what  nimiber  of  flows  might  exist  between  those 
two  localities.  Most  of  this  bluff  belonged  to  the  sheets  originating  from 
Mauna  Loa. 

HUALALEI 

After  reaching  the  Hualalei  district  the  land  slopes  more  gradually 
to  the  sea,  and  the  finest  of  all  our  illustrations  of  the  low  level  eruptions 
is  the  only  eruption  from  Hualalei  of  which  we  have  an  historic  record. 
It  started  from  the  level  of  1,800  feet  and  flowed  to  the  sea  in  1801, 
spreading  out  very  much  laterally.  The  distance  between  the  extreme 
f>oint8  on  the  shore  exceeds  the  length  of  the  flow.  Three  other  very  dis- 
tinct earlier  but  prehistoric  flows  are  delineated  on  the  north  side  of 
Hualalei,  starting  from  points  3,700  to  6,000  feet  above  the  sealevel. 
As  Hualalei  reaches  only  to  8,269  feet,  at  least  the  highest  of  these  flows 
may  belong  to  the  other  variety  of  discharges. 

Hualalei  was  visited  by  Menzies,  the  botanist,  in  1794,  as  stated  in  the 
narrative  of  the  voyage  of  Vancouver.  The  same  gentleman  made  the 
attempt  to  climb  Mauna  Ijoa,  but  for  some  unknown  reason  the  historian 
has  not  had  this  later  report  of  Menzies  printed.    There  is  an  excellent 
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sketch  of  the  summit  crater  of  Hualalei,  with  a  brief  descriptioii  of  the 
ascent,  in  the  Vancouver  narrative.  It  seems  clear^  therefore,  that  there 
have  been  many  eruptions  from  the  lower  levels  of  the  Mauna  Loa  dome 
on  the  south  and  southwest  sides.  Whether  any  or  all  of  them  had 
direct  connection  with  Mokuaweoweo,  like  those  of  1868  and  1887,  can  not 
be  known,  but  the  description  of  Mohokea  sustains  the  early  formed  im- 
pression, that  it  represents  an  independent  caldera. 
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Area  defined 


That  portion  of  the  province  of  Quebec  which  has  been  affected  by  the 
Appalachian  uplift  lies  wholly  to  the  south  of  the  Saint  Lawrence  river. 
It  comprises  two  somewhat  distinct  parts,  the  mountainous  region  of  the 
Gasp^  peninsula  along  the  lower  Saint  Lawrence  and  the  hilly  country 
from  the  Chaudiere  river  to  the  international  boundary  line  between  the 
province  of  Quebec  and  the  states  of  Maine^  New  Hampshire,  and  Ver- 
mont. The  interval  between  the  two  portions  is  marked  only  by  a  sub- 
sidence in  the  Appalachian  hills  southeast  of  the  city  of  Quebec. 

The  second  of  these  two  areas  is  commonly  designated  as  the  "Eastern 
townships."  Being  less  easily  accessible,  on  account  of  its  hilly  character 
as  well  as  its  position,  and  also  less  desirable  otherwise  for  settlement^ 
this  region  was  not  surveyed  until  some  thirty  years  after  the  cession 
of  Canada  to  England.  It  was  then  divided  into  townships  approz- 
XLV— Bull.  Gbol.  Boc.  Am.,  Vol.  17,  1906  (497) 
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imately  square,  and  it  was  further  subdirided  into  ranges  and  lots,  ac- 
cording to  the  English  method,  instead  of  being  fonned  into  seigniohes 
and  parishes,  after  the  old  French  mode  of  sunre}'. 

GeOOHAPHY  of  THE  RbGION 

The  general  trend  of  the  hills  of  the  eastern  townships  is  a  northeast- 
erly one,  conforming  to  the  direction  of  the  Appalachian  folding,  the 
successive  ridges  growing  higher  as  they  are  more  remote  from  the  Saint 
Lawrence  valley.  The  principal  rivers,  such  as  the  Yamaska,  Saint 
Francis,  Nicolet,  Becancour,  and  Chaudiere,  cross  these  hills  about  at 
right  angles  to  their  course  and  drain  the  region  into  the  Saint  Lawrence. 

The  tributaries  of  these  rivers  take  their  direction  from  the  Appa- 
lachian folds  and  generally  flow  in  either  northeast  or  southwest  courses. 
The  tributaries  are  therefore  subsequent  to  the  Appalachian  hills,  while 
the  main  rivers  are  either  antecedent  to  the  later  stages  of  that  uplift  or 
have  been  superposed  upon  these  older  rocks  by  the  extensive  denudaticai 
of  the  region;  hence  the  tributaries  are  commonly  much  yo'unger  than 
the  main  rivers.  From  these  facts  and  also  since  the  course  of  chief 
glacial  action  has  been  parallel  to  the  valleys  of  the  principal  rivers  and 
transverse  to  the  tributaries,  it  results  that  many  of  the  latter  empty 
into  the  former  by  falls  and  rapids.  The  water  which  these  furnish  has 
given  rise  to  several  manufacturing  centers,  as  the  city  of  Sherbrooke, 
where  the  Magog  falls  into  the  Saint  Francis,  and  the  town  of  Windsor 
Mills,  at  the  junction  of  the  Wattopekak  with  the  same  river.  The  prin- 
cipal rivers  thus  give  cross-sections  of  the  region,  while  the  tributaries 
usually  afford  much  less  information  regarding  the  underlying  rock. 

General  Geology 

With  the  exception  of  a  few  small  outliei-s  of  Devonian,  the  sedimentary 
rocks  of  the  Eastern  townships  are  now  considered  to  be  pre-Silurian  in 
age.  Silurian  strata  occur  a  short  distance  to  the  north  of  the  district 
in  question  and  small  outliers  may  be  found  within  it,  but  thus  far  none 
have  been  definitely  determined.  To  the  Cambro-Silurian  have  been 
assigned  certain  of  the  limestones,  the  calcareous  and  ferruginous  slates ; 
to  the  Cambrian,  part  of  the  quartzites,  graywacke,  and  clay  slates; 
while  similar  rocks,  with  the  exception  of  the  clay  slates,  are  referred  to 
pre-Cambrian,  as  well  as  the  large  areas  of  slate  characterized  by  the 
presence  of  chlorite  and  epidote. 

Igneous  rocks  are  found  to  underlie  the  earliest  sediments,  to  be  inter- 
calated  among   them,   and    to   be   intrusive   through   even   the   latest. 
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Altered  volcanice  of  both  acid  and  basic  t5'pe8  are  the  oldest,  while 
closely  associated  with  them  are  large  areas  of  stratified  rock  which  are 
thought  to  be  in  part  at  least  much  altered  tuffs.  Serpentines  occur 
among  the  earliest  sediments  and  probably  also  cut  others  of  somewhat 
later  age.  The  diabases  and  later  gabbro-diorites,  which  are  closely  asso- 
ciated with  the  serpentines  in  position,  as  well  as  the  granites,  which  lie 
to  the  southeast  of  the  Appalachian  ridges,  and  the  syenitit  rocks  of  the 
Monteregian  hills  to  the  northwest,  are  later  in  age  than  any  of  the  sedi- 
ments. Still  later  than  these  are  the  dikes  of  camptonite,  diabase,  and 
bostonite  which  cut  any  of  the  rocks  already  mentioned  and  are  them- 
selves little  altered  in  character  or  disturbed  in  position. 

Extreme  metamorphism  has  obscured  or  totally  obliterated  much  of  the 
foBsil  evidence  which  the  sedimentary  rocks  might  otherwise  have  fur- 
nished, while  such  fossil  evidence  as  remains  is  rendered  less  useful  for 
precise  correlation  by  the  peculiar  conditions  under  which  these  sediments 
have  probably  been  deposited.  They  have  accordingly  been  designated 
in  geological  nomenclature  as  the  Quebec  group.*  The  group  of  rocks 
thus  named  by  Logan  and  Billings  was  considered  by  them  to  be  equiva- 
lent to  the  calciferous  and  chazy  formations  in  part.  Subsequently, 
however,  Selwyn  and  Ells  distinguished  within  the  area  assigned  to  the 
Quebec  group  the  measures  now  mapped  as  pre-Cambrian,  showed  much 
of  the  supposed  Silurian  to  be  Cambro-Silurian,  and  classed  the  greater 
part  of  the  remaining  rocks  as  Cambrian. 

The  pre-Cambrian  comprises  three  main  ridges,  which  are  the  prin- 
cipal physiographic  features  of  the  eastern  townships,  namely,  Sutton 
mountain.  Stoke  mountain,  and  the  Boundary  Line  hills.  These  ridges, 
which  are  roughly  parallel,  run  in  a  northeasterly  course,  as  determined 
by  the  Appalachian  folding,  and  are  themselves  about  25  miles  apart 
between  the  Saint  Francis  and  the  Chaudiere  rivers. 

Previous  geological  Research 

The  rocks  composing  the  ridges  just  referred  to  were  named  argillites, 
sandstones,  chloritic  and  nacreous  schists,  and  slates,  in  the  first  investiga^ 
tions  of  the  Qeological  Survey  under  Sir  W.  E.  Logan  and  Dr  T.  S. 
Hunt.  In  stratigraphical  arrangement  these  ridges  were  supposed  to  be 
synclinal  troughs  which  had  resisted  denudation  better  than  the  interven- 
ing strata. 

This  view  was  first  questioned  by  Hunt  on  stratigraphic  grounds,  and 
later  by  Selwyn,  both  on  stratigraphic  and  lithologic  evidence.     Doctor 

•  sir  W.  B.  Logan :  Geology  of  Canada,  1868  and  later. 
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Selwyn  reached  the  conclusion  that  these  folded  ridges  were  anticlines, 
not  synclines,  and  held  that  the  rocks  composing  them  were  older  than 
the  Quebec  group  and  consequently  formed  no  part  of  it.  The  results 
of  the  subsequent  investigations  of  Doctor  Ells  substantiated  this  Tiew. 

The  first  igneous  rocks  recognized  in  the  Eastern  townships  were  the 
granites  of  Stanstead  and  Megantic,  the  syenitic  rocks  of  Monteregian 
hills,  Brome  and  She£ford,  and  the  Qabbro-diorites  of  Brompton,  Orford, 
and  Ham.  These  were  described  at  some  length  in  the  Geology  of  Can- 
ada, 1863,  and  had  been  previously  discussed  by  Hunt. 

Both  Hunt  and  Logan  regarded  the  serpentines  as  altered  sediments 
and  correlated  them  stratigraphically  with  the  dolomites,  in  view  of  their 
magnesian  contents.  Doctor  Selwyn  seems  to  have  been  the  first  to  point 
out  the  probable  origin  of  the  serpentines,  and  also  suggested  that  the 
stratigraphic  questions  then  imder  discussion  were  complicated  by  the 
fact  that  some  of  the  other  highly  metamorphosed  rocks  were  in  reality 
disguised  volcanics.  A  suite  of  specimens  of  doubtful  rocks  submitted 
by  him  to  Dr  F.  D.  Adams*  proved  the  serpentines  to  be  altered  igneous 
rocks  generally  of  the  peridotite  class,  the  so-called  diorite  to  be  diabases 
and  allied  rocks,  and  some  of  the  other  highly  altered  rocks  of  the  region 
to  be  of  sedimentary  origin. 

The  reexamination  of  the  areal  geology  of  the  district  which  was 
necessitated  by  this  information  was  entrusted  to  Dr  B.  W.  Ells,  the 
results  of  whose  investigations  appear  in  the  annual  reports  of  the  years 
1886,  1887,  and  1894,  and  in  the  maps  which  accompany  them. 

In  these  maps  the  crystalline  belts  of  Sutton  and  of  Stoke  mountain 
are  represented  as  pre-Cambrian  in  age,  and  an  area  along  the  inter- 
national boundary  line  is  included  in  the  same  horizon.  The  sediments 
intervening  are  assigned  to  the  Cambrian  and  Cambro-Silurian,  with 
the  exception  of  some  very  minor  areas,  which,  as  has  been  said,  were 
found  to  have  been  occupied  with  remnants  of  Devonian  and  possibly 
of  Silurian  measures.  The  serpentines  are  included  with  the  igneous 
rocks  and  the  occurrences  of  "diorite*'  are  shown  to  be  more  numerous 
than  appeared  in  the  earlier  maps.  The  great  body  of  the  pre-Cambrian, 
however,  remained  among  the  sedimentary  rocks. 

Besides  these  investigations  a  few  independent  papers  have  been  pub- 
lished on  the  region. 

In  1876  Sir  J.  William  Dawson  discussed  the  mode  of  entombment  of 
certain  fossils,  referring  especially  to  localities  in  the  Eastern  townships. 
Some  of  the  occuri'ences  of  fossils  thus  mentioned  are  of  essential  im- 
portance to  these  iavestigations. 

^  Annual  Report,  Geological  Survey  of  Canada,  1880-1881-1882. 
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In  1879  Dr  T.  Steny  Hunt  discussed  the  structure  of  the  region  in 
the  American  Geologist,  under  the  title  "The  Quebec  Group  in  Geology/' 

In  1882  Dr  A.  R.  C.  Selwyn  first  outlined  his  views  of  the  structure 
and  general  lithology  of  the  Quebec  Group  in  an  address  before  the  Royal 
Society  of  Canada.* 

In  1902  the  present  writer  showed  that  important  parts  of  the  pre- 
Cambrian  are  composed  of  volcanic  rocks  which  by  their  extreme  altera- 
tion had  been  previously  mistaken  for  sediments.  Their  relation  to 
other  occurrences  of  similar  rocks  in  the  Appalachians  was  suggested  and 
their  place  in  the  series  described  by  the  late  Q.  H.  Williams  was  pointed 
oiit.t 

The  prb-Cambbian  copper-bearing  Voloanios 

The  physiographic  structure  of  the  Eastern  townships,  it  has  been 
said,  depends  on  three  ridges  of  pre-Cambrian  rock  which  are  in  the 
form  of  rather  narrow  belts  about  25  miles  apart,  running  parallel  to  the 
axes  of  the  Appalachian  mountains.  These  ridges  which  appear  above 
the  intervening  sediments  and  later  intrusives  are  the  crests  of  once 
buried  mountain  ranges,  now  partially  uncovered.  Here  and  there  out- 
lying remnants  of  sedimentary  rock  still  rest  on  them. 

One  of  the  belts  appears  for  only  a  relatively  short  distance  along  the 
boundary  line  between  the  province  of  Quebec  and  the  state  of  Maine. 
It  occurs  in  the  townships  of  Emberton,  Chesham,  Clinton,  Woburn, 
Ditchfield,  and  Spalding.  From  its  proximity  to  the  lake  of  that  name, 
it  may  be  designated  the  Lake  Megantic  area. 

The  second  crosses  the  Saint  Francis  river  between  the  city  of  Sher- 
brooke  and  the  village  of  Ijennoxville,  and  is  commonly  referred  to  as 
the  Ascot  or  Stoke  Mountain  belt.  It  may  be  traced  from  the  foot  of 
Owlshead  mountain  and  lake  Memphremagog,  through  parts  of  the  town- 
ships of  Stanstead,  Hatley,  Ascot,  Ascot  Corner,  Stoke,  Dudswell,  Wee- 
don,  and  Stratford,  The  similar  rock  at  the  Gilbert  River  gold  mines, 
in  the  seigniory  of  Delery,  on  the  east  side  of  the  Chaudiere  river,  un- 
doubtedly belongs  to  this  belt. 

The  third  of  these  belts,  which  crosses  the  Saint  Francis  river  near  the 
town  of  Richmond  25  miles  northwest  of  the  last,  is  generally  known  as 
the  Sutton  Mountain  belt.  This  is  the  largest  and  longest  of  the  three, 
as  far  as  is  at  present  known.  While  the  Stoke  belt  is  nowhere  more  than 
5  miles  in  width,  that  of  Sutton  is  quite  20  miles  wide  at  the  Vermont 

•  TransactionB  of  the  Royal  Society  of  Canada,  1882. 

t  TransactionB  of  the  Canadian  Mining  Institute,  Montreal,  March  12,    1002. 
American   Journal   of   Science,   July,    1902. 
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boundary  line.  It  has  a  considerable  development  in  the  counties  of 
Sutton,  Brome,  Sheiford,  Bichmond,  Wolfe,  Arthabaska,  Megantie, 
Beauce,  Dorchester,  and  probably  extends  also  into  Bellchasse  and  Mont- 
magny — that  is,  to  a  point  at  least  140  miles  from  the  boundary  of  the 
state  of  Vermont. 

The  rocks  of  the  Sutton  Mountain  area  were  described  by  Logan*  as 
"chloritic,  micaceous  and  epidotic  rocks.  Towards  the  province  line,''  he 
continues, 

these  are  of  a  slaty  character  and  various  shades  of  color,  from  dark  bluish- 
grreen  or  blackish-green  to  ash  grey.  The  green  bands  are  more  abundant  tlian 
the  grey,  and  both  have  occasionally  a  talcoid  lustra  The  grey  bands  appear 
to  derive  their  color  from  a  large  amount  of  very  fine  grains  of  quartz  which 
are  uniformly  mixed  with  chlorite.  These  beds  often  contain  certain  nodules 
of  white  granular  quartz,  and  cr>'Btalline  pistachio-green  epidote  sometimes 
several  inches  in  diameter,  and  frequently  elongated  in  parallel  directions.  The 
two  minerals  are  often  in  separate  nodules,  but  as  often  are  intermixed;  in 
the  latter  case  the  epidote  is  generally  within  the  quartz.  In  the  grey  bands, 
fine  blackish-green  lines  of  chlorite  often  run  parallel  to  one  another,  but 
these  are  contorted  by  the  nodules  of  quartz  and  epidote,  with  which  orthoclase 
feldspar  is  sometimes  associated. 

Radiated  actlnolite  often  occurs  in  the  rocks  together  with  asbestos  in  abort 
parallel  veins,  which  are  found  cutting  the  epidote  in  the  direction  in  which 
the  nodules  are  elongated,  and  occasionally  between  the  layers  of  slate.  Crys- 
tals of  specular  and  magnetic  oxide  of  iron  are  abundant  in  the  chloritic  and 
epidotic  bands,  the  magnetic  species  being  more  frequent  where  the  chlorite 
prevails. 

Near  the  Saint  Francis,  nodules  of  an  epidotic  character  are  richly  dis- 
seminated through  the  chief  part  of  these  chloritic  strata,  some  of  the  nodules 
being  six,  eight  and  oven  ten  Inches  in  diameter.  Some  of  the  bands  hold  small 
portions  of  finely  granular  quartz  which  oci'asionally  swell  into  beds  of  white 
qunrtzite  of  some  importance,  while  many  of  the  strata  assume  the  aspect  of 
fine  quartzose  curglomerates  or  coarse  sandstones  with  a  chloritic  base. 

Regarding  the  rocks  of  the  Stoke  belt,  Logan  writes  :t 

The  rocks  of  this  group  here  at  the  base  of  Owls  Head  mountain,  branching 
off  from  a  range  of  hills  which  come  up  from  Vermont  into  Canada,  take  a 
northeasterly  direction,  and  crossing  Memphremagog  lake  run  from  the  town- 
ship of  Stanstead  through  Stoke  to  Weedon,  and  constitute  the  Stoke  moun- 
tains, which  are  bounded  on  each  side  by  more  recent  strata  Just  mentioned 
The  average  breadth  occupied  by  the  Quebec  group  in  these  hills  seldom 
exceeds  2  or  3  miles,  except  in  Ascot  and  Stoke.  On  the  Saint  Francis  in  the 
former  township,  through  the  influence  of  these  undulations,  the  Quebec  rocks 
have  a  transverse  measure  of  7  miles  extending  from  the  vicinity  of  Lennox- 

•  Geology  of  Canada,  1863,  p.  246. 
t  Geology  of  Canada,  p.  252. 
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vlHe  to  the  northwest  comer  of  the  township,  and  in  Stoke  th^y  present  two 
parallel  ranges  Included  In  a  breadth  of  about  5  miles. 

In  this  range  of  hills  the  strata  consist  chiefly  of  chloritic  rocks  in  harder 
and  softei*  bands,  the  softer  and  more  schistose  constituting  chlorite  slates, 
while  the  harder  may  be  termed  chloritic  sandstones.  With  these  are  as- 
sociated micaceous  and  nacreous  slates  often  presenting  a  very  quartzose 
character,  and  thin  layers  of  agalmatolite  of  a  somewhat  fibrous  texture  are 
sometimes  met  with.  Some  of  the  micaceous  and  nacreous  slates  are  very 
fine  grained,  and  on  the  south  side  of  the  range  afford  excellent  whetstones  and 
hones.  Many  of  the  whetstone  beds  appear  to  be  micaceous  slates  passing  into 
argillite.  Some  bands  of  the  slate  are  studded  with  chloritoid,  and  in  Sher- 
hrooke  they  enclose  a  bed  of  blood-red  Jasi)er,  passing  into  a  siliceous,  red 
hematite,  and  another  of  a  somewhat  siliceous  conglomerate. 

In  the  same  neighborhood  the  nacreous  slates  are  marked  by  the  occurrence 
of  copper  pyrites,  containing  a  little  gold  and  silver.  In  a  gangue  of  white 
qnartz  running  with  the  stratification.  The  chloritic  slates  are  often  marked 
by  iron  and  copper  pyrites ;  and  on  Haskell  hill  on  the  eighth  lot  of  the  eighth 
range  of  Ascot,  a  band  of  slate  five  feet  wide,  holds  such  a  quantity  of  copper 
ore  as  to  give  promise  of  a  profitable  mine. 

Selwjrn  suggested  that  slates  might  be  volcanic  as  well  as  sedimantary, 
but  sub^uent  reports  added  nothing  to  the  lithologic  description  of  these 
rocks. 

The  rooks  of  these  belts  consist  of  two  parts,  one  of  which  is  stratified 
and  the  other  unstratified.  The  latter  is  a  volcanic  rock,  finely  erj^stal- 
line  and  of  both  acid  and  basic  phases.  Quartz  porphyry  and  andesite 
or  diabase  would  originally  have  been  the  extreme  types.  Some  of  basic 
phases  are  altered  to  serpentine  and  all  have  been  highly  metamorphosed. 
It  is  only  by  very  detailed  field  study,  together  with  microscopic  exami- 
nation, that  the  volcanic  character  of  some  of  these  rocks  has  been 
ascertained. 

Associated  with  these  are  stratified  rocks  of  similar  material,  but  which 
have  an  original  clastic  structure.  Part  contains  bands  of  nearly  pure 
chlorite,  abundant  quartz  veins,  and  much  iron  ore.  These  are  thought 
to  be  stratified  tuffs,  while  other  rocks,  generally  more  siliceous,  as  chlo- 
ritic sandstones  and  gi-aywackes,  are  probably  true  sediments. 

Although  highly  altered,  the  volcanics  of  this  series  show  their  original 
characters  in  localities  in  which  the  deformation  has  been  least.  The 
acid  phase  of  the  rock  is  largely  a  quartz  porphyry.  A  specimen  from 
the  hanging  wall  of  the  Silver  Star  mine  at  Suffield  is  light  gray  in  color, 
and  on  the  weathered  surface  the  quartz  phenocrysts  are  quite  conspic- 
uous. Owing  to  the  bleaching  of  the  base,  the  rock  has  commonly  been 
mistaken  for  quartzite  or  a  species  of  sandstone.  The  following  is  an 
analysis  by  Mr  M.  F.  Connor,  of  the  Geological  Survey  of  Canada,  of  a 
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specimen  of  the  essentially  similar  rock  from  the  quany  at  Sherbrooke, 
which  furnishes  road  metal  for  the  streets  of  that  city : 

SIO. 70.37 

TIG, 17 

AW),  11^ 

F,0, M 

FeO  2.58 

MgO 2.03 

OaO 2.31 

Na^O  2.63 

K/)  1^ 

OQi   aoD 

H^  L96 

WJSS 

The  large  amount  of  CO2  shows  the  rock  to  be  too  far  altered  to  be 
satisfactorily  classified  according  to  the  quantitative  classification. 
Neglecting  COj,  however,  the  following  is  the  norm: 

Q   88.34 

or 11.12 

ab  22.01 

an 11.40 

O .82 

hyp 8.00 

mt  1.16 

11 .30 

OUun  I,  Persalane. 
Order  3,  Columbare. 
Bang  3,  Rlesenase. 
Subrang  4, dosodic. 

In  the  thin-section  it  is  found  to  be  a  porphyritic  rock  with  a  finely 
crystalline  base,  which  contains  phenocrysts  of  quartz  and  feldspar.  The 
latter  are  both  orthoclase  and  plagioclase,  the  former  being  the  more 
abundant. 

Small  rod-like  bodies  of  colorless  mica  are  present  in  the  rock,  as  well 
as  irregular  areas  of  a  rhombohedral  carbonate  which  is  apparently  dolo- 
mite. 

Near  Lennoxville,  on  the  line  of  the  Canadian  Pacific  railway,  the  rock 
becomes  a  granite  porphyry,  differing  from  the  rock  just  described  chiefly 
in  the  more  advanced  character  of  its  crystallization.  Farther  eastward, 
where  this  belt  is  somewhat  wider,  the  central  portion  becomes  still  more 
coarsely  crystalline  and  passes  from  quartz  porphyr}'  at  the  margin  to 
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granite  porphyry,  and  finally  to  a  porphyritic  granite  toward  the  interior. 
The  latter  is  the  rock  of  Bald  peak  and  of  other  principal  hills  of  the 
central  portion  of  the  Stoke  Mountain  area,  as  well  as  a  pari;  of  the  pre- 
Cambrian  of  Weedon.  The  basic  portion  is  less  well  preserved,  and  its 
original  characters  can  not  be  as  precisely  determined,  as  there  are  prob- 
ably no  original  bisilicates  now  present.  The  decomposition  products 
and  traces  of  the  original  structure  indicate  that  the  rock  had,  in  some 
cases  at  least,  the  characters  of  diabase,  while  in  others  it  was  probably 
a  porphyrite  or  andesite,  rich  in  ferromagnesian  constituents.  Areas  of 
serpentine  are  occasionally  found  within  the  district  occupied  by  this  rock 
which  pass  by  sharp  transition  into  hornblende  porphyrite.  While  the 
alteration  to  serpentine  seems  to  be  complete,  no  part  of  the  orginal 
rock  being  left,  the  serpentine  has  a  somewhat  different  appearance  from 
that  derived  from  the  olivine-rich  rocks  of  the  larger  serpentine  areas  of 
the  adjoining  district.  It  is  distinguished  by  the  "grating"  or  'Tjar*' 
structure  of  serpentine  derived  from  hornblende  or  augite  instead  of  the 
"meflh**  forms  resulting  from  the  alteration  of  olivine.  Small  seams  of 
asbestos  occur  in  this  serpentine,  but  although  several  of  the  areas  have 
been  prospected,  no  important  deposit  of  that  mineral  seems  to  have  been 
found  in  them. 

The  acid  and  the  basic  phases  of  these  volcanics  are,  however,  products 
of  separate  irruptions,  but  are  due  to  sharply  defined  magmatic  differen- 
tiation. This  is  well  shown  in  several  of  the  streams  which  drain  the 
southern  part  of  Stoke  mountain,  notably  on  Rowe's  brook.  The  rocks 
may  be  considered  as  products  of  a  single  flow  or  of  one  flow  for  each 
bolt.  In  the  Sutton  belt  and,  so  far  as  is  known,  in  the  Lake  Megantic 
area  also,  there  is  evidence  of  no  later  volcanic  action.  In  the  Stoke 
belt,  however,  later  dikes  occur  somewhat  frequently,  but  they  are  chiefly 
of  the  camptonite  and  diabase  classes.  They  cut  the  adjacent  Trenton 
sediments,  and  so  belong  to  a  series  of  rocks  to  be  described  later,  rather 
than  to  those  of  the  present  class,  as  they  are  not  of  pre-Cambrian  age. 

The  pre-Cambrian  volcanics  are  apparently  closely  related  to  those  of 
South  mountain,  Pennsylvania,  and  other  known  localities  to  the  south- 
ward, and  form  a  link  of  the  more  westerly  of  the  two  chains  of  early 
volcanics  that  were  described  by  the  late  G.  11.  Williams.* 

Possible  phb-Cambriak  Sediments 

Of  the  stratified  rocks  which  are  most  closely  associated  with  the  vol- 
canics referred  to  above  the  extremely  chloritic  portions  are  probably 

*  Jonnuil  of  Geology,  January,  February*  1894.  See  also  "Ancient  volcanics  of  Soutb 
moantaln/'  by  F.  Baaoom,  BuU.  U.  S.  Geol.  Survey,  no.  136. 


606  J.  A.  DRESSER — LIGNEOUS   ROCKS    OF    EASTERN   QUEBEC 

ancient  tuff  beds,  or  at  least  are  composed  of  f ragmental  volcanic  ma- 
terial, and  80  are  pyroclastic  rocks.  In  the  present  degree  of  alteration 
they  do  not  differ  essentially  from  certain  portions  of  basic  rocks  Just 
described.  Besides,  these  are  siliceous  rocks,  quartzites,  graywackes,  and 
chloritic  sandstones,  which  are  possibly  true  sediments.  With  them  are 
frequent  beds  of  dolomite,  the  origin  of  which  seems  a  matter  of  doubt 
The  rock  is  frequently  found  resting  on  a  basic  trap,  filling  pit^holes  and 
interstices  within  it  and  inclosing  fragments  of  it.  In  other  cases  the 
rock  passes  by  rather  gradual  transition  into  quartzose  dolomite  in  masses 
of  considerable  extent.  Ai  the  E.ustis  mine  the  portion  of  the  country 
rock  known  to  the  miners  as  the  "green  rock"  is  of  this  type.  Even  in 
tibin^sections  small  areas  of  dolomite  appear,  sometimes  inclosing  small 
quartz  crystals  and  indicating  the  secondary  nature  of  the  dolomite. 

Certain  of  the  micaceous  chloritic  slates  also  contain  sufficient  amount 
of  dolomite  to  cause  a  slight  .effervei^ence  with  hydrochloric  Acid  when 
heated. 

Along  the  Saint  Francis  river  the  Sutton  belt  is  some  7  nules  in  its 
extreme  width,  including  n^early  2  miles  of  recognized  Trenton  measures 
within  it.  A  detailed  sludy  «hows  the  volcanics  at  the  bf^se  with  dolo- 
mite, quartzite,  and  gray  mica-chist,  in  ascending  order.  Within  the 
dolomite  axe  certain  peculiar  inclusions  of  a  bluish  gray  limestone  which 
has  been  largely  crystallized  by  intense  regional  metamorphism.  One  of 
these  inclusions,  however,  contains  fqssil  evidence  of  its  Calciferous-Chazy 
age.  It  is  therefore  demonstrated  that  in  this  part  at  least  the  Sutton 
Mountain  belt  contains  no  pre-Cambrian  elastics. 

The  following  is  the  section  referred  to  crossii^g  the  pre-Cambrian  near 
Saint  Francis  river. 

The  line  of  section*  extends  between  lots  10  and  27,  in  range  12,  in  the 
township  of  Cleveland,  and  is  about  a  mile  and  a  half  east  of  Saint  Fran- 
cis river  and  approximately  parallel  to  it.  The  direction  of  the  section 
is  north  38  degrees  west,  magnetic.  The  adjacent  rocks  at  both  north 
and  south  have  been  recently  mapped  in  the  reports  of  the  Geological 
Survey  as  Cambrian,  the  black  limestone  number  3  of  the  section  as 
Trenton,  and  the  rest  as  pre-Cambrian. 

•  This  locality  was  considered  by  Logan  to  furnish  the  key  to  the  structure  of  the 
Quebec  group.  Hither  he  returned  after  severing  his  connection  with  the  Geologlca.1 
Survey,  and  spent  four  seasons  in  making  a  detailed  map  of  the  district  for  several 
miles  on  either  side  of  this  section.  This  map,  which  seems  to  have  been  ready  for 
engraving  at  the  time  of  his  death,  was  unfortunately  never  published. 
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Section 

Feet 

1.  Black  mica-schist  100 

2.  Gray  mica-schist  1.320 

3.  Black   limestone    2,800 

4.  Gray  mica-schist 4,590 

5.  Micaceous  dolomite   300 

6.  Black  mica-schist   600 

7.  Quartzite  180 

8.  Micaceous  dolomite   60 

9.  Gray  mica-achlst   7,360 

Total   sediments    17,3ia 

10.  Amygdaloidal  trap  12,540 

Total  igneous 12,540 

Their  distribution  can  be  seen  by  the  accompanying  map  (figure  1). 

The  contacts  of  the  sedimentary  rocks  with  one  another  in  this  section 
are  of  the  nature  of  transitions,  suggesting  that  no  marked  dislocation 
or  important  time-break  occurs  between  them.  The  graphitic  limestone 
passes  upward  into  mica-chist  by  an  almost  insensible  gradation,  as  can 
be  well  seen  along  either  bank  of  Saint  Francis  river.  Still  better  evi- 
dence is  to  be  found  in  the  banks  of  Eddy  brook,  a  small  stream  in  the 
village  of  Melbourne,  which  has  cut  a  postglacial  gorge  near  its  outlet 
into  the  Saint  Francis  river.  Here  in  a  height  of  about  30  feet  the  rock 
passes  from  typical  black  limestone  in  the  bed  of  the  stream  to  dark 
mica-schist  at  the  top  of  the  northern  bank.  The  mica-schist  can  be  seen 
in  several  places  to  pass  gradually  into  micaceous  dolomite,  and  the  latter 
into  quartzite.  It  accordingly  seems  justifiable  to  conclude  that  the  sedi- 
mentary rocks  of  this  section  belong  to  a  single  cycle  of  deposition. 

The  igneous  rocks  are  older  than  the  sediments.  All  the  rocks  north 
of  the  black  limestone,  number  4  to  number  9,  dip  toward  the  northwest, 
and  those  on  the  south  side  of  the  limestone,  numbers  1  and  2,  dip  in  the 
opposite  direction,  or  about  southeast.  The  limestone  thus  apparently 
forms  the  axis  of  an  anticline,  and  so  must  be  the  oldest  of  the  stratified 
of  the  section.  This  is  the  view  of  the  structure  that  was  held  by  Logan, 
while  Ells  considers  the  limestone  to  be  of  much  more  recent  formation 
than  the  other  rocks  of  the  section,  and  to  have  been  brought  into  its 
present  position  by  "an  intricate  system  of  folding  and  faults."  The 
former  placed  all  these  rocks  in  the  Quebec  group  of  Calciferous-Chazy, 
while  the  latter  regards  the  limestone  as  lower  Trenton  and  all  the  other 
rocks  as  pre-Cambrian. 

It  is  an  apparent  fact  that  the  dolomite  schists  do  not  belong  to  the 
pre-Cambrian,  for  they  carry  crinoid  stems  and  other  fossil  evidences  of 
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their  Calciferous  or  Chazy  age.  The  fossils,  which  are  referred  to  by 
the  late  Sir  William  Dawson  in  an  article  entitled  "On  Palaeozoic  fossils 
mineralized  with  silicates/'*  occur  in  lot  14,  range  xii,  of  the  township 
of.  Cleveland,  about  300  yards  east  of  the  Healy  schoolhouse. 

In  this  article  the  fossils  were  referred  to  as  of  Lower  Silurian  age, 
and  the  genera  Stenopora  and  Ptilodictya  are  mentioned,  but  no  more 
definite  description  seems  to  have  been  yet  published. 


A   Limestone, Trenton. 

B   Mica  schist,  No.4-  ^mapped  Pre-Cambrien 
C  Dolomite  ,  No: 5.  /except  wiih in  line  D-0^ 
©  Fossils. 
jC  Strike,  Dip  a40* 


FxauBB  \.—Lott  13t  1^,  15,  Ranget  XII  and  XIII,  Townahip  of  Clwtkmd 

The  importance  of  this  occurrence  of  fossils  seems  to  have  been  lost 
sight  of  in  the  more  recent  maps  of  the  Geological  Survey,  for  it  has  been 
erroneously  connected  with  the  black  limestone  (number  13  in  the  above 
section),  which  has  long  been  known  to  be  fossiliferous  and  which  lies 
three-quarters  of  a  mile  distant.  Thus,  in  the  Sherbrooke  and  the  Mon- 
treal sheets  of  the  Eastern  Townships  map,t  the  locality  of  thase  fossils 
is  included  in  the  Trenton  area  by  a  peculiar  indentation,  D-D'  (figure  1) , 
in  the  part  colored  pre-Cambrian,  the  boundaries  of  which  are  thus  made 
to  cross  the  actual  stratification  of  the  rocks.  The  part  of  the  dolomite  B 
immediately  surrounding  the  locality  of  the  fossils  and  the  intervening 
mica-schists  are  accordingly  colored  Trenton  in  lots  13,  14,  and  15,  while 


*  Quarterly  Jonrnal,  Qeologioal  Society,  London,  Eng-,  February,  1879,  pp.  60-<2. 
fCtoologleal  Surrey  of  Canada,  18S6-1894. 
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they,  B-B,  are  elsewhere  mapped  as  pre-Cambrian  in  either  direction 
along  the  strike. 

The  black  limestone  (number  3)  seems  to  be  quite  as  highly  folded 
and  contorted  as  the  older  rocks  of  the  section.  On  the  whole,  there  ap- 
pears to  the  writer  no  reason  to  believe  that  there  was  any  great  time- 
break  in  the  deposition  of  the  sedimentary  rocks  of  this  section,  or  that 
they  are  not  products  of  a  single  cycle  of  deposition. 

The  order  of  deposition  of  these  rocks  appears  to  be  as  follows,  in 
ascending  order: 

1.  Black  limestone,  with  black  mica-schist  as  its  marginal  or  shallow- 
water  equivalent. 

2.  Quartzite,  quartzose,  and  micaceous  dolomites,  which  were  chiefly 
deposited  in  the  northern  part  of  the  section  and  barely  extend  to  the 
northern  side  of  the  present  exposure  of  the  black  limestone. 

3.  Gray  mica-schist  covered  the  entire  trough  between  the  pre-exist- 
ing igneous  ridges.  The  gray  schists  probably  owe  their  greater 
thickness  toward  the  northern  end  of  the  section  to  the  fact  that  the 
Cambro-Silurian  transgression  came  from  the  north  and  possibly  also  to 
isoclinal  folding. 

As  it  thus  seems  certain  that  the  Sutton  series  contains  no  pre-Cam- 
brian elastics  in  the  vicinity  of  Saint  Francis  river,  it  is  consequently 
possible,  if  not  probable,  that  all  the  clastic  rocks  of  this  series,  through- 
out the  district,  are  altered  members  of  the  Quebec  group,  as  in  this 
section. 

The  volcanics  are  the  oldest  rocks  of  the  region,  and  from  their  litho- 
logic  resemblance  to  the  pre-Cambrian  rocks  of  Pennsylvania  and  other 
parts  of  the  Appalachians  they  are  thought  to  be  of  that  age.  However, 
there  is  as  yet.no  direct  proof  of  this. 

The  overlying  sediments  are  always  much  altered.  In  some  cases  the 
alteration  would  seem  to  indicate  that  these  sediments  are  older  than  the 
comparatively  unaltered  rocks  of  the  basins  between  the  metamorphic 
ridges,  but  in  other  cases  they  can  be  traced  continuously  to  rocks  of 
undoubted  Cambro-Silurian  age.  While  the  different  degrees  of  alter- 
ation may  in  all  cases  be  due  to  differences  of  position  or  of  susceptibility 
to  metamorphism  of  the  various  rocks,  it  is  not  necessarily  the  case.  Ac- 
cordingly the  question  of  the  existence  of  pre-Cambrian  sediments  in  the 
Eastern  townships  must  yet  remain  an  open  one.* 

The  Serpentines  and  Diabases 
A  little  to  the  east  of  the  Sutton  ridge  and  parallel  to  it  there  is  a 

*  J.  A.  Dresser :  American  Journal  of  Science,  January,  1906.  "A  study  in  the 
metamorphic  rocks  of  the  St.  Francis  valley,  Quebec." 
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series  of  irregular  hills  which  are  instrusiTe  through  most  of  the  other 
rocks  of  the  region,  generally  Paleozoic  sediments.  They  occur  notably 
in  the  counties  of  Brome,  Sherbrooke,  Richmond,  Wolfe,  Megantic,  and 
probably  in  Dorchester,  and  are  likewise  known  to  reappear  in  the  Gaspe 
highlands.  Among  them  are  the  Bolton  mountains.  Owls  head,  Orford, 
Ham,  and  Adstock  mountains.  The  rocks  composing  them  are  serpen- 
tines, diabase,  gabbro-diorites,  with  frequent  or  smaller  masses  of  horn- 
blende granite  and  occasionally  much  smaller  bodies  of  porphyrite.  Of 
these  rocks  the  serpentine  seems  to  be  in  all  cases  the  oldest,  being  cut 
by  intrusions  of  the  other,  and  probably  it  is  older  than  the  paleozoic 
sediments.  The  diabases  and  gabbro-diorites,  which  are  phases  of  the 
same  magma,  form  the  greater  part  of  all  these  hills.  They  are  later  in 
age  than  the  serpentines  through  which  they  are  commonly  intrusive. 
The  hornblende  granite  in  some  instances  is  distinctly  intruded  through 
the  serpentines,  but  in  one  case  at  least,  the  Big  Ham  mountain,  it  seems 
unmistakably  to  have  been  differentiated  from  the  parent  magma  of  that 
rock  in  situ. 

The  porphyrite  is  of  limited  occurrence,  but  at  Shipton  pinnacle,  where 
it  is  best  seen,  it  seems  to  cut  the  serpentine.  It  generally  occurs  as  the 
matrix  of  a  band  of  breccia  seldom  exceeding  300  yards  in  width  that  is 
frequently  found  along  the  southern  edge  of  the  serpentine  belt.  As  far 
as  it  has  been  studied,  it  is  found  to  be  a  quartzless  porphyrite  containing 
a  little  hornblende  as  the  only  ferromagnesian  constituent. 

Mount  Orford  (2,860  feet)  is  the  best  known  as  well  as  the  largest  of 
the  gabbro-diorite  and  diabase  hills.  It  has  an  area  of  not  less  than  20 
square  miles  and  an  average  height  above  the  surrounding  country  of 
1,000  feet.  It  comprises  two  main  divisions  which  give  the  following 
cross-section,  measured  westward  along  the  line  of  the  Canadian  Pacific 
railway  near  Miletta:  Diabase  or  gabbro-diorite,  7,837  feet;  graywacke, 
165  feet;  serpentine,  677  feet;  sandstone,  82  feet;  serpentine,  1,567  feet. 
This  section  is  bounded  by  sedimentary  rocks  on  either  side.  The  rock 
of  the  first  and  greater  mass  is  a  uniform  green  color  and  shows  gray 
grains  on  a  freshly  broken  surface.  Quartz  veins  are  common,  and  the 
joint,  plants  and  seams  are  often  studded  with  small  quartz  crystals. 
Patches  of  epidote  sometimes  as  much  as  a  foot  in  diameter  are  numerous. 
The  texture  of  the  rock  becomes  finer  toward  the  outer  edge  and  also 
toward  the  top  of  the  mountain,  where  the  cooling  of  the  igneous  mass 
has  taken  place  more  rapidly. 

In  thin-section  this  rock,  which  is  exceedingly  altered,  shows  plagio- 
clase  feldspar  with  aggregates  of  the  pyroxenic  decomposition  products, 
whose  relation  one  to  another  indicates  that  the  rock  had  the  structure 
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of  a  diabase.  In  the  coarse  and  central  parts  of  the  mountain  the  min- 
eral olivine  appears.  The  rock  has  the  mineral  composition  of  diorite; 
but  the  hornblende  is  secondary  and  the  rock  therefore  becomes  a  gabbro- 
diorite.  The  two  rocks  are  apparently  differentiation  products  of  a 
single  volcanic  output.* 

Analyses  by  Huntf  show  the  composition  of  the  altered  gabbro-diorite 
and  diabase  mass  under  the  head  of  diorites  to  be  as  follows : 


I.  Diorite  SiO,.. 

Brompton  lake AijO,. . 

Orford.  range  XVI,  lot  2. .  .FeO  . . 

II.  Diorite MgO.. 

Saint  Franeolff  de  Beance.CaO.. 
III.  Oranodiorlte.  Butte  county .K,0... 
Lassen  peak,  California : 

Na^O. 
H,0.. 


99.68    100.85     99.80 

Owls  head  (2,465  feet)  is  situated  on  the  west  side  of  lake  Memphre- 
magog,  16  miles  south  of  mount  Orford,  which  stands  at  the  northern 
end  of  the  same  lake.  The  level  of  this  lake  is  about  682  feet  above 
sealevel. 

The  rock  at  the  eastern  base  along  the  lake  shore  is  a  common  basic 
phase  of  the  pre-Cambriau  volcanics.  On  the  west  side  the  adjacent 
rm>ks  are  sedimentary.  Between  these  the  mass  of  the  moimtain  has 
been  intruded.'  It  consists,  as  far  as  yet  known,  of  extremely  altered 
diabase,  which  was  first  determined  by  Doctor  Adams.  Sugarloaf,  the 
name  by  which  a  continuation  of  the  Owls  head  mass  toward  Orford  is 
generally  known,  has  been  also  shown  by  Doctor  Adams  to  be  similar  in 
composition.  J 

Besides  Orford,  Owls  head,  and  Sugarloaf,  there  are  several  hills  along 
this  line,  presumably  similar  in  character.  These  are  Hogs  back,  be- 
tween the  two  mountains  last  mentioned ;  Hawk  and  Bear  mountains  at 
the  south  of  Owls  head,  and  Carbuncle  and  other  hills  at  the  north  of 
Orford.  So  far  as  known,  these  hills  are  similar  to  Orford  and  Owls 
head  in  general  structure  as  well  as  in  the  character  of  the  rocks  com- 
posing them.     Fifty  miles  to  the  northeastward  from  Orford,  Big  Ham 

*  J.  A.   Dresser :  American  Geologist,  January,   1901. 

t  Report  Geological  Survey  of  Canada,  1S53,  al. 

X  Report  Geological  Survey  of  Canada,  1880-1SS1-1SS2,  part  A,  appendix. 
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mountain  appears  as  the  next  prominent  point  along  the  serpentine  belt, 
although  that  belt  is  almost  continuous  throughout  the  distance.  The 
mountain  rises  1,400  feet  above  the  neighboring  land,  or  2,400  feet  above 
mean  sealevel. 

This  mountain,  as  far  as  known,  is  a  mass  of  much  altered  diabase. 
Near  the  eastern  edge  of  the  summit  the  diabase  passes  into  a  rock  in- 
termediate between  hornblende  granite  and  diorite,  which  may  be  tenta- 
tively classed  as  a  granodiorite.  The  transition  is  a  rather  sharp  one, 
a  distance  of  a  few  yards  only  separating  typical  specimens  of  the  two 
rocks.  The  granodiorite  seems  to  form  only  a  small  body^  and  is  prob- 
ably the  residual  filling  of  the  neck  of  the  volcano  which  gave  rise  to  the 
mass  of  the  mountain. 

Moose  mountain,  in  the  township  of  Cranboume,  beyond  the  north- 
eastern limit  of  this  map,  is  thought  to  belong  to  this  series,  although 
there  is  not  much  definite  evidence  concerning  it  yet  available.  A  spec- 
imen from  a  spur  of  the  moimtaia  in  the  township  of  Frampton  is  a 
porphyrite — ^a  not  uncommon  marginal  phase  of  these  rocks^— and  as 
Doctor  Ells  reports  the  mountain  to  be  iatrusive  in  its  relation  to  the 
sediments  of  the  district,  it  may  apparently  be  safely  correlated  with  the 
present  series. 

Rocks  very  similar  to  those  of  Orf ord  have  been  described  from  Adstock 
mountain,  and  also  from  the  township  of  Potton,  by  Dr  P.  D.  Adams.* 
Doctor  Adams  foimd  a  specimen  from  the  summit  of  Adstock  to  be  a 
diabase,  and  one  from  another  part  of  the  same  moimtain  to  be  a  diorite, 
both  being  much  altered  rocks.    Concerning  the  latter  he  writes: 

It  Is  rather  coarsely  crystalline,  massive,  and  of  a  grayish-green  color,  and 
is  composed  of  hornblende  and  plagioclase.  The  hornblende  is  green,  or,  In 
some  places,  brownish  in  color,  and  is  distinctly  pleochroic.  .  .  .  It  is 
often  twinned.  Much  of  the  hornblende  is  decomposed  to  chlorite.  In  man^ 
cases  the  alteration  appears  to  pass  through  an  intermediate  stage  in  which 
the  hornblende  assumes  a  very  finely  fibrous  appearance.  The  fibers  are  gen- 
erally approximately  parallel,  but  do  not  as  a  general  rule  extinguish  simul- 
taneously. Individual  fibers  can  often  be  seen  to  have  an  extinction  inclined 
at  a  small  angle  to  their  longer  axes.  Some  of  these  fibrous  grains  show  a 
distinct  biaxial  figure.  The  plagioclase  is  dull  from  incipient  decomposition, 
but  generally  shows  well  defined^  polysynthetic  t^ins,  of  which  two  sets  are 
frequently  present  crossing  one  another.  Although  the  two  minerals  have 
interfered  with  each  other  in  crystallizing  both  show  good  crystal  forms. 
The  feldspar  is  perhaps  upon  the  whole  the  better  crystallized  of  tlie  twa  The 
fibrous  hornblende  is  found  everywhere  to  be  mixed  with  chlorite. 

•Op.  dt 
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The  igneouB  origin  of  the  serpentine  wes  aleo  first  poiortied  oi^k  bjjr 
Doctor  Adams  in  the  eaxae  publication.  In  a  speoim^n  from  Melbourne 
the  rook'  was  found  to  be  wholly  reduced  to  aeorpeniiiie^  with  the  «xe^tiw 
of  a  (few  gcsins  of  bastite  or  other  mineral  derived  from  rhombic  ^^v^tsmfi' 
In  specimens  from  townships  of  Ham  remnants  of  the  primary  olivine 
were  also  found. 

The  following  analysis  of  serpentine  of  the  Eastern  townships  are  taken 
from  the  Qeokogf  of  Canada^  1868 : 

Orford.  Hum.  BMtoo 

SlUoa  40.30  4340  43.70 

Magnesia 39.07  .40.00  40.68 

Nickel  oxide 20  

Ferrous  Iron  7.02  8.60  8.51 

Water 13.14  18.«0  12.46 


100;00  100.00  10a34 

Hornblende  granite  also  occurs  within  this  belt  and  is  CQmmoui.ly  in- 
trusive through  the  serpentine.  In  other  parts  it  seems  to  form  an  acid 
portion  rather  sharply  differentiated  from  the  magm^  of  the  parent  roqk 
of  the  serpentine.  It  has  been  described  by  Doctor  Adams*  as  composed 
esentiaUy  of  quartz,  orthoclase,  plagioclase,  and  hornblende,  with  a  little 
titanic  ore.  It  is  also  noted  as  showing  a  pecuHar  alteration  of  the  horn- 
blende. Where  this  mineral  comes  in  contact  with  the  quartz  it  displays 
a  development  of  fibrous  forms  terminating  in  tufts  of  fine  needles  run- 
ning into  the  quartz;  opposed  to  this  marginal  facies  when  u;i  contact 
with  quartz,  hornblende  displays  an  ordinary  even  edge  when  in  c(mtaat 
with  the  fieldspar. 

Dikes  of  this  rock  in  cutting  the  serpentine  are  considered  by  mi^ners 
to  be  indicative  of  the  occurrence  of  the  good  asbestos.  Whether  the 
fracturing  of  the  serpentine  accompanying  the  intrusion  of  the  gi»aite 
has  in  any  way  furnished  lines  of  weakness  for  the  f ormaticm  of  asbestos 
veins  has  not  yet  been  established. 

Serpentine  apparently  quite  different  in  origin  occurs  at  several  plac^ 
within  the  porphyry-andesite  belt  already  described.  Here  within  a  dis- 
tance of  10  to  20  feet  well  exposed  rock  may  be  traced  from  a  quartz 
porphyrite  to  serpentine  carrying  narrow  veins  of  asbestos.  Suoh  occur- 
rences are  found  in  the  townships  of  Ham^  Leeds,  and  several  other  places 
within  the  volcanic  belt.  So  far  as  yet  known,  none  of  these  are  of  large 
extent.  That  in  Leeds  is  probably  half  a  mile  in  length.  The  importance 
lies,  however,  in  showing  the  range  of  magmatic  differentiation,  and  con- 

•Op.  cit 
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eequently  that  the  quartz-porphyry  and  serpentine  are  differentiates  of  a 
single  original  magma.  As  these  are  the  extremes  of  chemical  composi- 
tion among  the  various  rocks  of  the  region^  the  probability  of  all  being 
differentiation  products  of  a  single  primary  magma  is  quite  apparent. 

The  Geaniteb 

The  granites  of  the  Eastern  townships  occupy  six  principal  areas,  none 
of  comparatively  great  extent.  They  form  the  granite  masses  of  Stan- 
steady  Hereford  mountain.  Big  Megantic  mountain.  Little  M^antic 
mountain,  a  small  area  on  the  east  side  of  lake  Memphremagog,  and 
another  near  Danville.  There  are  probably  numerous  other  small  occur- 
rences in  this  district,  but  it  is  noticeable  that  all  of  the  granites  lie  to 
the  south  of  the  volcanics  of  the  Sutton  ridge. 

None  of  the  granite  bodies  have  as  yet  been  studied  in  detail,  but  all 
are  believed  to  be  intrusive  through  Lower  Silurian  sediments,  and  are 
thought  to  be  of  late  Devonian  age.  The  extensive  quarries  at  Stanstead 
have  made  the  economic  importance  of  that  occurrence  well  in  the  prov- 
ince of  Quebec,  where  Stanstead  granite  is  largely  used  for  structural  pur- 
poses. A  specimen  of  this  granite  has  been  described  by  Dr  P.  D. 
Adams,*  and  shown  to  consist  essentially  of  orthoclase,  quartz,  and  biotite, 
with  accessory  amounts  of  microcline  and  plagioclase  and  secondary  mus- 
covite  and  epidote. 

Of  Hereford  mountain  nothing  definite  is  known,  save  that  its  prox- 
imity to  Stanstead  and  the  generally  similar  appearance  of  the  rock  in  the 
hand  specimen  suggest  its  close  relation  to  that  body.  Its  contact  with  the 
sediments  is  undoubtedly  intrusive. 

Even  less  is  known  of  the  Big  and  the  Little  Megantic  mountains. 
The  material  in  the  talus  slopes  of  the  former  is  a  very  acid  granite. 

The  granite  from  Scotstown  contains  pyroxene,  in  addition  to  biotite 
and  muscovite,  as  ferromagnesian  constituents. 

The  granite  near  lake  Memphremagog  is  also  of  the  type  of  that  of 
Stanstead. 

Near  Douville  there  is  a  small  body  of  grouite  whose  relations  to  the 
surrounding  rocks  have  not  been  ascertained,  nor  has  it  received  any 
detailed  study.  Biotite  is  the  only  dark  constituent  that  is  noticeable  in 
the  hand  specimen.  It  is  stated  in  the  Geology  of  Canada  (page  811) 
that  it  furnished  part  of  tlie  material  for  the  Qrand  Trunk  Railway  bridge 
which  crosses  the  Nicolet  river  in  the  vicinity. 


*  "Description  of  a  series  of  thin  sections  of  typical  rocks,'*  by  BVank  D.  Adama, 
Ph.  D.,  F.  O.   Sm  Montreal,  1806. 
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The  granite  from  the  quarries  at  Stanstead  shows  an  incipient  cata- 
clastic  structure  in  the  microscopic  section,  and  in  the  mass  a  somewhat 
distinct  foliation,  known  by  the  quarrymen  as  the  *'rift.*'  This  structure 
is  apparently  due  to  dynamic  metamorphism  and  shows  the  granites  to 
have  shared  in  the  folding  of  the  Appalachian  uplift,  and  consequently 
to  have  been  intruded  before  that  movement  had  entirely  ceased.  As 
dikes  of  adjacent  granite  masses  cut  Devonian  (Lower  Helderberg) 
strata  on  the  shore  of  lake  Memphremagog,  these  intrusives  are  thought 
to  be  of  late  Devonian  age. 

The  later  Dikes 

A  series  of  dikes  of  much  later  age  than  any  of  the  rocks  hitherto  de- 
scribed is  widely  distributed  throughout  the  region.  They  are  compar- 
atively fresh  in  composition  and  little  disturbed  in  position.  Campton- 
ite,  diabase,  and  bostonite  are  the  chief  rock  types  represented  among 
them. 

A  camptonite  at  Eichmond  was  found  by  the  writer*  to  consist  of 
hornblende  and  plagioclase,  with  accessory  magnetite  and  apatite.  A 
little  leucoxene  and  small  aggregates  of  chlorite,  serpentine,  and  calcite 
indicate  that  some  degree  of  decomposition  has  already  begun  in  the 
rock. 

The  hornblende  is  brown  in  color  and  shows  the  extinction  angle, 
Cf\C,  was  observed  to  be  as  high  as  17  degrees. 

This  dike,  which  is  about  three  feet  wide,  cuts  lower  Trenton  limestone, 
which  had  been  greatly  folded  and  distorted  prior  to  the  injection  of  the 
dike.  One  or  two  other  smaller  dikes  occur  in  the  vicinity,  and  a  small 
hill  near  by  is  thought  to  be  underlain  by  some  igneous  rock. 

In  the  vicinity  of  Sherbrooke,  25  miles  south  of  this  locality,  dikes  are 
known  to  occur  in  several  localities. 

Near  the  line  of  the  Canadian  Pacific  railway,  in  the  northern  out- 
skirts of  the  village  of  Lennoxville,  there  is  a  camptonite  dike  very  sim- 
ilar to  the  above.  It  cuts  both  pre-Cambrian  volcanics  and  Trenton 
slates. 

At  the  Howard  mine,  Ascot,  a  dike  of  olivine-diabase  cuts  pre-Cambrian 
eruptions. 

In  a  paper  entitled  "Camptonites  and  other  intrusives  about  lake 
Memphremagog,^**t  Mr  V.  F.  Marsters  discusses  a  large  number  of  dikes 
in  the  Lake  Memphremagog  basin,  distinguishing  the  granites,  etcetera, 


*  J.  A.  Dresser :  A  hornblende   lamprophyre    dyke  at  Richmond,  Province  of  Quebec. 
Canadian  Record  of  Science,  Montreal,  Janaary,  1901. 
t  American  Geology,  Jnly,  1896. 
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oonneoted  with  the  intrusioiis  off  McGooob  point,  abready  mentioiied, 
ham  Gamptonites  and  allied  dike  rocks. 

Brtwoen  Boxton,  in  the  county  of  Sheflord,  and  Saint  Nicholas,  in 
the  county  of  Lotbinidia,  a  distance  of  more  than  100  miles,  there  are 
seveval  occurrfflices  of  intrusive  rock  in  lower  Paleoaoic  strata.  It  is 
little  known  except  in  conn^tion  with  copper  deposits  in  the  region, 
WhJoh'  it  se^ms  invariably  to  accompany.  It  is  found  at  Boston,  Acton, 
Upton,  Durham,  Wickham,  Drummondville,  Nelson,  Saint  Flavien,  Saint 
ApoUinaire,  and  Saint  Nicholas,  and  seems  to  form  a  series  of  dikes  in  a 
comparatively  narrow  belt  throughout  this  distance.  The  dikes  vary  in 
width  from  a  few  inches  to  a  thousand  feet,  or  even  more,. and  run  parallel 
to  the  length  of  the  belt  in  which  they  occur — ^that  is,  in  a  northeast- 
southwesterly  direction. 

At  Roxton  there  is  an  intrusive,  a  light  colored  rock  of  liie  trachyte 
class,  but  in  most  of  its  occurrences  the  intrusive  is  a  diabase,  and  is  com- 
monly amygdaloidal. 

The  largest  exposures  are  at  Saint  Flavien,  Nelson,  and  Drummond- 
ville. At  Saint  Flavien  the  intrusion  is  nearly  a  quarter  of  a  mile  wid^ 
and  appears  to  be  a  wide  dike,  extending  for  a  distance  of  about  a  mile 
through  the  country.  Similar  rock  appears  at  Saint  ApoUinaire,  7  miles 
distant. 

These  are  the  principal  rock  exposures.  It  is  a  level  district,  covered 
with  a  heavy  mantle  of  drift.  The  rock  is  amygdaloidal  in  many  parts, 
the  amygydules  being  most  conmionly  filled  with  calcite;  but  sometimes 
epidote  and  chlorite  or  quartz  form  the  filling  material.  Copper  fre- 
quently occurs  in  this  rock,  as  at  Roxton,  Nelson,  and  Wendover,  near 
Drunmiondville.  In  other  places,  as  at  Acton,  Upton,  and  Wickham, 
the  copper  occurs  in  the  ektomorphic  contact  zone  of  the  inclosing  rock. 
The  exposure  at  Nelson  is  smaller  than  that  at  Saint  Flavien,  while  that 
at  Drummondville  is  apparently  quite  as  large. 

It  is  thus  described  by  Logan:* 

The  greenltrh  sandstones  on  the  Saint  FraBois  are  interseeted  by  sevtoral 
Akes  of  dtovlte,  th«  courses  of  which  are  in  a  general  way  down  tbe  stream. 
The  rock  of  the  fall  at  Drummondville  appears  also  to  be  a  dlorlte  and  is  of  a 
gray  or  greenish  color;  it  probably  belongs  to  tbe  stratification  and  is  not 
known  to  have  any  connection  with  the  dikes.  It  has  a  breadth  of  about  half  a 
mile,  and  some  parts  are  porphyritic  from  tbe  presence  of  small  crystals  of 
light,  greenish  fieldspar,  while  others  are  amygdaloidal,  holdhig  small  portions 
of  H  light  and  calcspar  and  occasional  nodnlss  of  agate.  Much  of  it  bears  tite 
aspect  of  breccia,  in  which  fragments  of  tbe  diorlte  are  bald  together  by  a  dose 
grained  but  highly  crystalline  calcareous  cement  approaching  in  color  the 

*  Geology  of  Canada,   1863,  p.  248. 
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general  mass  of  the  rode.     The  rock  bears  a  resemblance  to  that  of  Saint 
Flavien,  of  which  It  may  be  a. continuation,  and  like  it  is  highly  cnprlferons. 

So  far  as  yet  examined,  some  half  dozen  specimens,  the  diorite  of  the 
above  description  proves  to  be  a  fine-grained  diabase.  The  diabase  forms 
two  bands  crossing  Saint  Francis  river  here,  one  having  a  width  of  a 
quarter  of  a  mile  and  the  other  of  about  50*feet.  The  distance  between 
them  is  rather  more  than  a  quarter  of  a  mile  and  is  occupied  by  very  dark 
graphite  limestone  and  greenish  gray  sedimentary  slates.  What  appears 
to  be  devitrified  glass  was  found  along  the  contact  of  the  diabase  and  the 
latter  rock.  These  rocks  have  been  here  mentioned  under  the  head  of 
'T^ater  dikes**  because  of  their  lithological  similarity  to  known  dikes  and 
the  absence  as  yet  of  satisfactory  proof  that  they  are  not  themselves  also 
of  that  class.  This  entire  series  offers  an  excellent  field  for  an  interest- 
ing and  important  detailed  investigation. 

The  Monterbgian  Hills 

This  name,  which  has  now  gained  general  currency  in  geological  nomen- 
clature, was  proposed  by  Dr  P.  D.  Adams  in  1903*  to  designate  a  series 
of  yolcanie  hills  which  crosses  the  Saint  Lawrence  valley  in  the  south- 
western part  of  the  province  of  Quebec.  These  hills,  which  are  eight  in 
number,  are  of  volcanic  origin,  either  stocks  or  laccolites.  They  owe  their 
present  relief  to  differential  erosion,  and  consequently  are  hills  of  the 
biitte  tjpe. 

Six  of  the  eight  hills  form  a  nearly  east  and  west  line,  standing  about 
10  miles  apart.  In  order  from  west  to  east,  they  are  mount  Eoyal,  at  the 
foot  of  which  stands  the  city  of  Montreal  (Mont  Royal) ;  Montarville 
or  Saint  Bruno,  Beloeil  or  Saint  Hilaire,  Rougeraont,  Yamaeka,  and 
Sheffford.  The  remaining  stand  at  the  south  of  this  line,  Brome  being 
2^  miles  from  Shefford  and  mount  Johnson  6  miles  from  Rougemont. 

The  lithological  characters  of  these  hills  are  such  as  to  show  them  to 
be  a  distinct  petrograpkical  province,  and  to  bear  little,  if  any,  relation 
to  the  rocks  hitherto  described  in  this  article.  In  every  hill  there  is  a 
large  development  of  essexite,  which  frequently  passes,  into  theralite,  and 
in  every  one  which  has  been  studied  in  detail  an  alkali  syenite,  such  as 
nordmarkite,  pulaskite,  or  nepheline-syenite.  Their  general  features 
may  be  presented  in  the  f ollowrug  summary  form : 

Mount  Royal  has  an  area  of  about  2  square  miles  and  attains  an  eleva- 
tion 769.6  feet  above  mean  sealevel.     The  altitude  of  the  Grand  Trunk 


•  Journal  of  Geology,  yolume  xl,  no.   3,  "The  Monteregian  hUls,  a  Canadian  petro- 
irrmplilc  proTlnce." 
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railway  at  Bonaventure  depot,  Montreal,  at  the  base  of  the  moimtain,  is 
48.33  feet. 

The  mountain  consists  of  two  distinct  intrusions,  the  first  and  lai^er 
being  essexite,  the  second  nepheline-syenite.  In  structure  it  is  thought 
to  be  a  volcanic  neck,  probably  with  laccolitic  oflFshoots.  It  has  may  dikes 
and  sheets  of  bostonite,  camptonite,  tinguaite,  and  allied  rocks. 

A  breccia  near  by  has  an  ash  rock  for  its  matrix  and  contains,  among 
other  included  fragments,  some  blocks  of  Devonian  age. 

It  is  now  under  investigation  by  Professors  Harrington  and  Adams. 

The  area  of  Montarville,  or  Saint  Bruno  moimtain,  is  approximately 
2.64  square  miles.  The  average  of  several  aneroid  readings  shows  its 
altitude  to  be  663  feet — ^that  is,  466  feet  above  the  Grand  Trunk  Bailway 
station  of  Saint  Bruno. 

It  consists  of  a  single  intrusion  and  is  composed  entirely  of  essexite 
except  for  a  small  area  of  half  an  acre.  This  is  occupied  by  a  rock  of  the 
pulaskite  type,  which  has  been  formed  by  differentiation  in  situ  from  the 
essexite  magma.    A  few  dikes  of  camptonite  are  found.* 

Beloeil,  or  Saint  Hilaire  mountain,  has  an  area  of  some  4  square  miles 
and  an  altitude  of  1,437  feet  above  sealevel,  or  1,360  feet  above  the  rail- 
way near  its  base.  It  consists  of  a  single  intrusion,  differentiated  to 
form  essexite  and  a  nepheline-rich  syenite.  The  former  rock  makes  Mp 
the  greater  part  of  the  mountain. 

A  few  dikes  of  camptonite  are  to  be  seen-f 

Bougemont  occupies  about  6  square  miles  and  reaches  a  height  of  1,400 
feet,  or  1,250  feet  above  the  surrounding  plain.  As  far  as  yet  known,  it 
consists  of  one  intrusion  of  essexite.     No  dikes  are  known. 

Mount  Johnson,  the  smallest  of  the  series,  has  an  extent  of  .422  of  a 
square  mile.  Its  altitude  is  875  feet,  giving  it  an  elevation  of  720  feet 
above  the  neighboring  village  of  Saint  Gregoire.  It  is  a  volcanic  neck, 
differentiated  from  a  core  of  essexite  to  a  rim  of  pulaskite,  with  an 
intermediate  phase  (andose).^ 

There  are  only  a  few  dikes. 

Yamaska  hill  covers  some  6^  square  miles.  It  greatest  altitude  is 
about  1,600  feet,  nearly  1,300  feet  above  the  surrounding  country. 

It  has  been  found  to  consist  of  a  single  intrusion  which  has  differen- 
tiated in  situ  into  rocks  of  the  essexite-nepheline-syenite  series.  Dikes  are 
few.§ 

Shefford  mountain  occupies  nearly  9  square  miles  and  rises  to  a  height 
of  1,600  feet  above  sealevel,  or  1,200  feet  above  the  surrounding  country. 

*  J.  A.  Dreeser :  Summary  Report,  Geological  Survey  of  Canada,  1906. 
t  O.  E.  Le  Roy :  Summary  Report,  Geological  Survey  of  Canada,  1901. 
X  F.  D.  Adams  In  Journal  of  Geology,  vol.  zl,  no.  3. 
I  O.  A.  Young :  Summary  report,  GeologlcAl  Survej  of  Canada,  1908. 
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It  conflists  of  essexite,  nordmarkite,  and  pulaskite,  the  first  comprising 
about  half  of  the  mountain.  Each  rock  is  the  result  of  a  separate  intru- 
sion. Dikes  are  very  numerous  and  belong  to  the  bostonite-camptonite 
series.    The  mountain  is  a  laccolite.* 

Brome  mountain  is  100  feet  lower  than  the  neighboring  mountain  of 
Shefford  and  occupies  about  30  square  miles. 

It  consists  of  essexite^  alkali-syenite^  and  a  small  body  of  tinguaite.  It 
has  been  formed  by  two  or  possibly  three  separate  irruptions  and  is  prob- 
ably part  of  the  laccolite  of  Shefford,  which  is  only  2^  miles  distant.  It 
has  very  few  dikes,  f 

Chemical  Analyses  of  Type  Rocks  from  the  Monteregian  Hills 

The  following  are  analyses  of  rocks  from  the  Monteregian  hills : 

I            11  III  ^IV  V  VI  VII  VIII  IX 

SIO. 48.69  48.85  53.15  44.00  65.43  61.77  57.44  59.96  55.68 

AI/),. ...  17.91  19.38  17.64  27.73  16.90  18.05  19.43  19.12  20.39 

FfitaO,...     3.09  4.29  3.10  2.36  1.55  1.77  1.69  1.85  2.10 

WeO 6.41  4.94  4.65  3.90  1.53  1.75  2.70.  1.73  1.95 

MgO....    3.06  2.00  2.94  2.30  1.36  1.54  1.16  .66  M 

CaO....      7.30  7.98  5.66  13.94  .22  .89  2.66  2.24  1.92 

Na,0....    5.95  5.44  5.00  2.36  5.95  6.83  6.48  6.98  9.18 

K,0 2.56         1.91  3.10  .45  5.36  5.21  4.28  4.91  5.34 

TiO, 2.71  2.47  1.52  1.90  .16  .74  1.97  .66  .60 

P,0, 1.11  1.23  .65  .20  .02  .15  .60  .14  .06 

MnO 15          .19  .46  .08  .40  .08  .25  .49  .31 

CI 07  .04  

H,0 95          .68  1.10  .80  .82  1.10  1.03  1.10  1.50 


99.36    100.02      99.84    100.01      99.78      99.97      99.69    100.17      99.83 

I.  Essexite  (Essexose)  Mount  Johnson. 
II.  Essexite  (Andose)  Mount  Johnson. 

III.  Essexite  (Akerose)   Shefford. 

IV.  Essexite  (Hessose)  Brome. 

V.  Nordmarkite  (Nordmarkase)   Shefford. 
VI.  Nordmarkite  (Nordmarkase)  Br6me. 
VII.  Pulaskite  (Laurvikose)  Mount  Johnson. 
VIII.  Pulaskite  (Laurvikose)   Sheflford. 
IX.  Tinguaite  (Laurdalose)  Brome. 

Genetic  Eelationb  of  the  igneous  Eocks 

A  better  knowledge  of  the  igneous  rocks  of  the  Eastern  townships, 
especially  of  the  granites  and  diabases,  is  necessary  before  their  genetic 

•  J.  A.  Dresser  In  American  Geologist,  October,   1901,  and  in  Geological   Survey  of 
Canada.  1899,  part  L. 

t  J.  A.  Dresser  In  American  Journal  of  Science,  May,  1904. 
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relations  can  be  satisfactorily  discussed;  yet  certain  general  relations 
may  now  be  deduced^  and  these  conclusions^  it  is  hoped^  may  be  amplified 
and  more  precisely  applied  at  some  later  time^  when  all  the  rocks  in  ques- 
tion have  become  better  known. 

In  general  t^rms  it  may  be  said  that  those  rocks  of  a  definite  district 
belong  to  the  same  province/  whose  phases  in  their  nearest  approach  to 
one  another  do  not  diff^  more  widely  than  the  various  differentiates  of 
any  single  mass.  Thus  ike  porphyry-andesite  series  differs  in  its  acid 
phase  from  the  granites,  as  far  as  the  latter  are  known,  chiefly  in  degree  of 
crystallization,  not  in  composition.  The  more  basic  phase  of  the  old 
volcanics,  as  has  been  shown,  passes  into  a  rock  which  has  altered  into 
serpentine  by  differentiation  in  situ.  Hence  this  oldest  group  seems  to 
form  a  connecting  link  between  the  granites  on  one  hand  and  the  diabase 
serpentines,  etcetera,  on  the  other,  while  the  hornblende  granites  similarly 
connect  the  diabases  and  normal  granites.  Accordingly,  those  three 
groups  form  part  of  a  single  petrographic  province,  according  to  the 
definitions  quoted  above ;  but  the  Monteregian  rocks  appear  more  distifiot 
throughout  the  quite  extensive  range  of  variation  within  themselves.  'Bie 
individual  hills  differ  from  one  another  in  a  comparatively  small  degree ; 
also  their  distinctive  characteristics  are  not  found  in  any  measure  in  the 
other  groups  of  rocks  mentioned.  Should  a  detailed  study  of  the  granites 
show  that  within  them  are  differentiated  portions  of  more  basic  roeks — 
for  example,  should  nepheline  syenite  be  found  in  association  with  tiiem, 
as  it  has  been  found  in  some  cases  in  the  Hastings  district  by  Doctors 
Adams  and  Barlow,  f  they  would  then  appear  as  an  acid  extreme  toward 
the  east  of  the  Monteregian  series.  But  this  has  not  been  done,  nor  is 
there  at  present  any  valid  reason  for  expecting  such  phenomena  to  be 
found.  While  the  Monteregians  appear  at  regular  intervals  at  upward  of 
10  miles  across  the  plain,  no  rocks  of  a  consanguineous  type  have  been 
found  to  the  east  of  Shefford  mountain,  although  a  careful  examination 
has  been  made  in  that  direction  throughout  the  district  wherever  igneous 
rocks  are  known  to  occur.  In  the  later  dikes  an  indication  of  rocks  of 
the  Monteregian  type  exists;  for  while  it  is  conceivable  that  almost  any 
rock  might  be  differentiated  in  small  amounts  from  almost  any  magma, 
it  is  the  most  common  relationship  to  find  camptonite  and  bostonite  types 
differentiated  from  highly  alkaline  magma  such  as  that  of  the  Montere- 
gian rocks;  but  the  wide  distribution  of  these  dikes  and  their  relatively 
small  amount  make  them  less  important  factors  in  considering  ihe  limits 

•  Dr    H.   S.   Washington :  •'Petrographic  province  of  Essex  county,   Hassarhasetta.** 
Journal  of  Geology,  vols,  vl  and  vU. 
t  Summary  Report,  Geological  Survey  of  Canada,  189S. 
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of  the  petrographic  proviiices.  TbuB,  while  camptonites  and  bostoniteB 
may  occur  in  many  places  to  the  eaat  of  the  Sutton  Mountain  anticline 
and  diabase  far  to  the  west  of  it,  as  Drummondville  or  Saint  Plavien^  they 
rather  illustrate  what  Professor  Pirsson  *  has  recently  called  the  progres- 
sion of  rock  types  than  the  extension  of  the  boundary  of  either  of  the  two 
distinct  groups  of  rocks  mentioned.  It  would  therefore  seem  that  the 
rocks  of  the  Monteregian  hills  differ  from  the  other  rocks  described  in 
this  article  more  widely  than  any  of  those  from  one  another — ^that  is, 
that  the  difference  is  a  generic  rather  than  a  specific  one;  hence  the  rela- 
tion could  be  best  defined  as  that  of  two  contiguous  provinces  rather  than 
as  parts  of  one  province,  even  in  the  larger  sense, 

The  rtudy  of  tb^  consanguinity  of  rocka  t^ndp  toward  the  hypothesis 
that  the  interior  of  the  earth  may  b^  regarded  as  containing  a  single 
niagma  of  uniform  character  which  by  process  of  differentiation  within 
the  crust  of  the  earth,  or  during  the  process  of  extrusion,  or  during  the 
process  of  cooling  after  extrusion  giv^  ris^  to  all  plashes  of  igneou*  rock. 
This  is  the  extreme  view  pf  the  origin  of  different  species  of  igneous 
rocks  by  the  process  of  differentiation.  Partly  in  opposition  to  this  is 
that  known  as  the  assimilation  theory,  which  suppo^ea  igneous  tqcI^^  to 
owe  many  of  their  present  differences  to  the  older  rocks  with  which  they 
have  come  in  contact  and  by  which  they  have  been  modified.  This 
ijieoiy  could  scarcely  receive,  under  any  circnmstances,  such  wide  appli- 
cation as  that  just  assigned  to  the  differentiation  theory,  namely,  that  ^U 
rocks  have  come  from  a  universal  common  magma  and  are  differentiated 
only  by  the  rock  material  with  which  they  come  in  contact;  nor  could  it 
be  counted  a  directly  essential  character  in  large  extrusive  volcanic  out- 
puts ;  but  in  consideration  of  intrusive  rodm  where  the  invading  lava  may 
for  long  periods  of  time  have  been  slowly  taking  in  and  dissolving  the 
Bnnounduig  rock  material,  the  process  of  magmatie  8toping-|*  may  have 
made  the  assimilation  factor  an  important  one  in  the  modification  of 
igneous  rocks. 

The  Monteregian  hills  are  all  intrusive  and  are  comparatively  small 
igneous  masses;  they  have  penetrated  strata  of  different  miueralogical 
and  chemical  composition.  Thus  the  Hudson  Siver  mudstones,  Trenton 
limestones,  the  graphitic  limestone,  and  black  slates  of  the  Famham  and 
PhilUpsburg  series,  as  well  as  the  quairtz  mica-schists  of  the  Sillery,  have 
been  penetrated  by  these  rocks  without  producing  any  material  change  id 
the  rocks  themselves  beyond  a  generally  well  marked  endomorphic  con- 

« American  Journal  of  Sdenoe,  July,   1906. 

t  Dr  B.  A.  Daly :  **On  the  mechanlcB  of  Isneoua  intraslyes."  Am.  Jour.  BcL,  1008 ; 
lbld.»  Angoat,  1906. 

ZLVII— Bull.  OaoL.  See.  Am.,  Vol.  17,  1906 
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tact  zone.  Moreover,  the  Bedimentary  rocks  through  which  the  granites 
and  the  diabase  series  have  been  intruded  are  generally  very  similar  to 
those  surrounding  the  Monteregian  hills;  in  fact,  the  Hudson  River  shales 
are  the  only  rocks  of  the  latter  region  not  found  in  the  former.  Hence  it 
would  seem  that,  whatever  the  cause  may  be  of  the  primary  magmatic 
differentiation,  the  magma  which  gave  rise  to  the  Monteregian  hills  was 
primarily  different  from  that  which  produced  the  other  rocks  discussed, 
with  the  partial  exception  already  mentioned,  of  the  later  dikes. 

SUMMABY 

In  summary  it  may  be  said  that  the  rocks  of  southeastern  Quebec 
present  two  petrographical  provinces,  and  their  differences  are  due  to 
primary  differentiation — ^that  is,  to  differences  in  the  original  magmas. 

I.  (a)  Porphyry-andesite  series,  extrusive  and  probably  of  pre-Cam- 
brian  age. 

(i)  The  diabase-serpentine  group,  inclusive  in  a  large  measure,  rang- 
ing in  age  from  early  Cambrian  to  late  Silurian. 

(c)  The  granites,  intrusive,  late  Devonian  age.    . 

(d)  Between  these  and  the  next  province,  in  a  measure  bridging  over 
the  gap  between  them  or  at  least  indicating  that  the  extreme  limit  of 
each  has  been  reached,  are  the  later  dikes. 

II.  The  second  province  comprises  properly  only  that  unique  group, 
the  Monteregian  hills. 

Addendum 

For  the  completion  of  the  investigation  which  has  been  briefly  outlined 
in  this  paper  a  large  amount  of  field  and  laboratory  work  is  yet  necessary, 
much  of  which  has  an  economic  importance  that  is  not  less  than  its  value 
to  pure  science.  The  later  dikes  are  very  little  known,  and  yet  the 
occurrence  of  important  deposits  of  copper  in  the  northern  part  of  the 
district  occupied  by  them  has  been  known  for  fifty  years.  The  granites 
are  a  geologic -unit  concerning  which  we  have  very  little  knowledge  and 
of  which  correspondingly  little  use  is  made,  while  the  pyrrhotites  of  the 
diabase  series  promise  economic  results  perhaps  no  less  important  than 
the  asbestos  and  chromic  iron  deposits,  which  also  await  detailed  petro* 
graphic  investigation. 
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Introduction 


The  general  excellence  of  the  Virginia  granites  as  a  building  and  mon- 
umental stone  is  well  established  in  the  commercial  world.     Notwith- 

*The  writer  is  indebted  to  Dr  H.  Riea  for  taking  the  photographs  from  which  the  half-tone 
of  this  paper  were  made. 
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standing  this  fact  no  published  account  of  the  geology  of  these  rocks  has 
been  made^  so  far  as  the  writer  is  aware.  A  part  of  two  seasons  has  been 
devoted  by  the  writer  to  a  study  of  the  Virginia  granites  in  the  field  and 
in  the  laboratory,  and  it  is  with  the  hope  of  contributing  to  the  knowl- 
edge of  the  geology  of  these  rocks  that  prompted  the  preparation  of  this 
paper. 

The  Virginia  Piedmont  Beoion 

OBOLOQY 

The  Piedmont  province  in  Virginia  forms  a  part  of  the  eastern  crys- 
talline area  which  extends  southwestward  from  New  York  to  northern 
central  Alabama.  It  extends  eastward  from  the  Blue  ridge  to  the  western 
margin  of  the  Coastal  plain,  and  it  widens  southward.  Lack  of  system- 
atic study  of  the  Virginia  Piedmont  region  forbids  more  than  a  general 
description  of  its  geology  at  this  time.  The  rocks  composing  the  region 
are  the  oldest  in  the  state,  and,  excepting  the  areas  of  Jura-Trias,  they 
are  all  crystalline.  Bogers  mapped  the  crystalline  rocks  of  the  region  as 
Archean,  but  more  recent  studies  reveal  the  fact  that  a  part  of  them  are 
as  late  as  Ordovician  in  age. 

The  rocks  comprise  sedimentary  and  igneous  masses  so  greatly  altered 
from  metamorphism  that  many  of  them  bear  but  slight  resemblance  to 
the  original  masses.  The  region  is  made  up  of  a  complex  of  schists, 
gneisses,  and  granites,  with,  in  places,  minor  interf oliations  of  slates, 
quartzites,  and  limestones.  This  complex  is  further  intersected  by  intni- 
sions  of  basic  eruptive  rocks  belonging,  so  far  as  they  have  been  studied, 
to  the  diabasic,  dioritic,  and  gabbroic  types.  To  the  east  of  Danville,  in 
the  extreme  southern  part  of  the  region,  is  an  area  of  altered  andesite 
which  extends  into  North  Carolina  and  is  regarded  as  pre-Cambrian 
in  age. 

Over  the  eastern,  northern,  central,  and  southern  parts  of  the  Pied- 
mont are  areas  of  Jura-Trias  shale,  sandstone,  and  conglomerate.  The 
northern  and  eastern  areas  of  these  rocks  are  quite  extensive. 

DISTRIBUTION  OF  THB  ORANITBS 

The  granites  are  limited  to  the  crystalline  area  described  above  and 
comprise  both  massive  and  schistoae  types.  The  schistose  granites  or 
gneisses  have  very  wide  distribution  throughout  the  Virginia  Piedmont, 
forming  one  of  the  dominant  rock  types.  The  principal  areas  of  pro- 
ducing massive  granites  are  distributed  in  a  north-south  direction  near 
the  eastern  border  of  the  Piedmont  plain.  They  include  (1)  the  Peters- 
burg area^  (2)  the  Bichmond  area,  and  (3)  the  Fredericksburg  area. 
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In  addition  to  these  there  are  several  minor  areas^  chief  among  which  are 
those  of  Fairfax,  Prince  Edward,  Fluvanna,  and  Goochland  counties. 

The  massive  granites  will  be  described  under  the  following  types :  The 
Bichmond-Fredericksburg,  light  gray;  the  Richmond-Fredericksburg, 
dark  blue;  the  Fredericksburg,  light  gray;  the  Falls  Church  and  Annan- 
dale  types,  and  the  IJnakite  type. 

MlNEKAL  COKFOSITION  OF  THE  QraKITES 

Conforming  with  well  known  granites  elsewhere,  the  Virginia  rocks 
are  mixtures  of  feldspar  and  quartz,  with  biotite  as  the  third  essential 
component,  in  the  most  important  areas.  Muscovite  in  subordinate 
amount  usually  accompanies  the  biotite  in  all  the  granitic  areas  of  the 
state,  and  it  becomes  a  principal  component,  replacing  biotite  in  the 
granite  of  the  Hazel  Bim  area  west  of  Fredericksburg.  Hornblende  is 
an  important  constituent  in  only  a  part  of  the  granites  of  the  Falls 
Church  area  southwest  of  Washington,  and  it  is  almost  unknown  in  the 
granites  of  the  other  areas.  It  is  essentially  absent  from  the  most 
economically  important  granites  of  the  state. 

In  the  unique  variety  of  granite  known  as  unakite,  occurring  near 
Luray,  in  Page  and  Madison  counties,  in  the  Blue  ridge,  and  near  Trout- 
dale,  in  Qrayson  coimty,  epidote  is  a  principal  constituent  and  the  ferro- 
magnesian  silicates  nearly  or  entirely  fail.  The  epidote  is  wholly  a 
secondary  constituent. 

The  dominant  species  of  feldspar  in  the  Virginia  granites  is  usually 
orthoclase,  though  in  many  instances  microcline  or  plagioclase  may  equal 
or  even  exceed  orthoclase  in  amount.  One  of  the  most  striking  features 
in  the  mineralogical  constitution  of  these  rocks  is  their  usual  richness  in 
both  microcline  and  plagioclase,  especially  the  latter.  Both  of  these 
feldspars,  however,  are  subject  to  much  variation,  and  in  a  few  thin- 
sections  examined  their  poverty  was  a  noticeable  feature.  It  seems  prob- 
able that  a  part  of  the  microcline  in  the  Virginia  rocks  has  developed  in 
part  from  orthoclase  by  pressure  metamorphism. 

Besides  the  above  minerals,  there  occur  apatite,  zircon,  sphene,  magne- 
tite, and  occasionally  some  other  minerals. 

Kinds  of  Oranite 

Conforming  with  the  granites  of  the  southeastern  Atlantic  states  in 
general,  the  granites  of  Virginia  vary  in  structure  from  massive  to 
schistose,  and  in  texture  from  even-granular  to  porphyritic  rocks.  On 
this  basis  three  types  of  the  rocks  are  distinguished:  (1)  Massive  even- 
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granular  granites,  (2)  porphyritic  granites,  and  (3)  schistose  granites 
or  granite-gneisses.  The  granite-gneisses  were  derived  from  the  maaslTe 
granites,  from  which  they  principally  differ  in  the  pronounced  schistose 
structure  secondarily  induced  by  dynamic  metamorphism. 

Based  on  mineral  composition,  the  Virginia  granites  are  divisible  into 
the  following  leading  types:  (1)  Biotite  granite,  which  usually  carries  a 
little  muscovite  in  addition  to  the  biotite,  and  imder  which  a  majority  of 
the  granites  of  the  state  may  be  grouped,  including  the  Richmond- 
Petersburg  areas,  and  most  of  the  Fredericksburg  area;  (2)  muscovite 
granite,  of  which  the  Hazel  Hun  area  one  mile  west  of  Fredericksburg 
is  the  only  typical  representative  yet  known;  (3)  homblende-biotite 
granite,  represented  by  a  part  of  the  granites  occurring  southwest  of 
Washington,  in  the  Falls  Church  area  in  Fairfax  county;  and  (4)  epidote 
granite,  unakite,  of  which  tjiere  are  only  two  known  localities. 

In  addition  to  these,  pegmatite,  coarse  crystallizations  of  quartz  and 
feldspar  with  subordinate  mica,  in  dike-like  form,  abundantly  penetrate 
the  finer  granites  and  associated  crystalline  rocks  over  much  of  the  Pied- 
mont region.  Aplite  is  represented  only  in  the  granite  of  the  Richmond 
area,  and  here  principally  on  the  western  border  of  the  Richmond  basin, 
near  Midlothian. 

EVEN-QEANULAB  OrANITES 
INTRODUCTORY  STATEMENT 

The  granites  distributed  along  the  fall-line  in  the  eastern  part  of  the 
Piedmont  region  in  the  vicinity  of  Richmond,  Petersburg, .  and  Fred- 
ericksburg are  the  most  important  economically  in  the  state  and  they 
best  illustrate  the  types  of  mica-granite.  Three  type0  are  here  repre- 
sented based  on  differences  wliich  are  best  brought  out  uEider  the  indi- 
vidual descriptions  below.  The  three  types  are:  (1)  The  Richmond- 
Petersburg  light  gray,  (2)  the  Richmond-Fredericksburg  dark  blue  gray, 
and  (3)  the  Fredericksburg  light  gray. 

To  these,  two  additional  types  must  be  added  from  other  parts  of  the 
state.  These  include  the  Falls  Church  dark  gray  homblende-biotite 
type  and  the  yellowish  green  and  pink  epidote  type  known  as  unakite. 

PETROGRAPHY  OF  THE  ORANITES 

The  Richmond-Petersburg  light  gray  granite. — This  type  of  granite 
has  been  quarried  for  many  years  in  the  vicinity  of  Richmond  and  Peters- 
burg. It  extends  over  parts  of  three  counties,  namely,  Dinwiddle,  Ches- 
terfield, and  Henrico.     It  is  a  biotite-granite,  frequently  containing  a 
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little  muscovite,  and  it  consists  of  anhedra  which  range  in  size  from 
1  to  5  millimeters.  Variation  in  the  size  of  anhedra  here  given  is  a 
noticeable  feature  of  this  type  in  the  quarries  opened  around  the  cities 
of  Richmond  and  Petersburg.  The  principal  minerals  are  quartz,  ortho- 
clase,  microcline,  plagioclase  near  oligoclase,  biotite,  a  little  muscovite, 
sphene,  magnetite,  apatite,  and  zircon.  The  usual  alteration  minerals 
occur,  chief  among  which  are  chlorite,  epidote,  muscovite,  and  kaolin, 
These  are  the  normal  minerals  in  granite. 

Rutile  needles  are  abundant  in  some  of  the  quartz.  Qranophyric  inter- 
growths  of  the  quartz  and  feldspars  are  very  abundant  in  the  thin- 
sections  studied,  indicating  overlap  in  the  period  of  formation  of  these 
minerals.  The  quartz  intergrowth  is  not  restricted  to  any  single  species 
of  feldspar,  but  it  seems  to  be  of  about  equal  development  in  the  ortho- 
clase,  microcline,  and  plagioclase.  Orthoclase  is  usually  the  dominant 
feldspar,  but  microcline  or  plagioclase  may  either  equal  or  even  exceed  it 
in  amount.  An  important  feature  in  the  mineral  composition  of  these 
rocks  is  the  nearly  constant  large  amount  of  plagioclase  present.  It 
occurs  in  large  stout  laths  and  is  always  characterized  by  the  polysyn- 
thetic  twinning  striae  in  basal  sections.  Extinction  angles-  measured 
against  the  twinning  strise  usually  indicate  a  plagioclase  near  oligoclase. 
Twinning  on  the  Carlsbad  law  is  very  conmion  among  the  feldspars,  both 
in  thin-sections  and  in  hand  specimens  of  the  rock.  Microperthitic  inter- 
growths  of  the  feldspars  are  freely  developed  in  most  of  the  thin-sections 
studied.  Many  of  the  larger  feldspars  are  micropoikilitic,  the  inclosures 
consisting  of  quartz  and  feldspars. 

Biotite  is  the  third  essential  constituent ;  it  is  deep  brown  and  strongly 
pleochroic.  It  is  distributed  through  the  rock  in  single  long  and  stout 
shreds  and  as  small  aggregates.  This  constituent  is  subject  to  some 
variation,  both  in  size  of  shred  and  in  amount,  the  rock  becoming,  accord- 
ing to  quantity,  either  lighter  or  darker  in  color.  Under  the  microscope, 
numerous  inclusions  of  the  older  minerals  are  seen  in  the  biotite,  among 
the  most  important  of  which  are  zircon,  apatite,  and  magnetite.  In  a 
majority  of  the  thin-sections  a  little  primary  muscovite  is  intimately 
associated  with  the  biotite,  occasionally  as  parallel  growths,  and,  at 
times,  the  two  micas  penetrate  each  other,  always  preserving  sharp  and 
clear-cut  boundaries.  Much  chlorite  occurs  as  an  alteration  product  of 
the  biotite.  Epidote,  while  not  abundant,  is  usually  present  in  many  of 
the  sections,  always  as  an  alteration  product  from  the  interaction  of  the 
biotite  and  feldspars,  and  is  associated  with  the  biotite. 

Titanite  is  present  to  a  limited  extent  in  many  of  the  sections,  mostly 
as  irregular  grains  and  aggregates,  but  sometimes  as  wedge-shaped  crys- 
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talB.  The  color  varies  from  nearly  colorless  to  reddish  brown^  with  notice- 
able pleochroism  in  the  deeper  colored  ones. 

The  other  accessories  present  no  special  interest  from  their  naual 
occurrence  in  granites. 

Pressure  metamorphic  effects  are  clearly  defined  in  all  the  thin-sections 
of  this  type  of  granite.  They  are  more  strongly  marked  in  the  granite 
from  the  Petersburg  part  of  the  area  than  that  from  the  Richmond  por- 
tion. As  seen  under  the  microscope,  the  pressure  effects  are  shown  in  an 
optical  disturbance  of  the  quartzes  and  feldspars,  more  marked  in  the 
former,  in  the  form  of  a  wavy  or  undulous  extinction;  in  a  fracturing  of 
the  quartz  and  feldspar,  which  is  quite  strongly  developed  in  some  of  the 
plagioclase  individuals  of  thin-sections  from  the  Petersburg  area;  and, 
lastly,  in  peripheral  shattering  or  granulation  of  the  larger  quartz  and 
feldspar  individuals  in  the  granite  from  the  Petersburg  area;  also,  in 
several  instances  biotite  shreds  were  noticed  broken  across,  and  in  still 
other  cases  the  folia  were  markedly  curved  or  bent. 

At  the  Netherwood  quarry,  several  miles  west  of  Richmond,  this  type 
of  granite  is  typically  shown,  and  in  some  of  the  largest  quarried  blocks 
dressed  up  during  the  sumer  of  1905  a  distinct  schistosity  was  discern- 
ible. As  a  rule,  however,  the  rock  from  this  quarry  and  from  the  Rich- 
mond area  in  general  belonging  to  this  type  appears  massive.  In  fte 
Petersburg  part  of  the  area  the  dynamic  effects  are  the  most  pronounced 
in  thin-sections  of  this  type  of  granite  and  a  tendency  toward  a  rough 
parallel  arrangement  of  the  minerals  or  schistosity  is  shown  on  close  ex- 
amination of  the  rock  in  nearly  every  opening. 

The  Richmond-FredericJcsburg  dark  blue  granite. — ^This  type  does  not 
differ  essentially  in  mineralogy  from  the  light  gray  type  described  above, 
although  the  two  bear  no  resemblance  to  each  other  in  hand  specimens. 
The  dark  blue  is  much  more  finely  crystalline,  the  anhedra  averaging  less 
than  0.5  millimeter.  The  biotite  is  very  uniformly  distributed  through 
the  rock  in  minute  irregular  shreds  which  impart  the  pronounced  dark 
blue  color  to  the  granite.  Like  the  light  gray  type,  this  is  a  biotite  granite 
containing  a  very  little  muscovite  associated  with  the  biotite.  Plagio- 
clase and  microcline,  in  quantity  and  occurrence,  characterize  equally  the 
dark  blue  type  as  the  light  gray. 

Microscopically  the  two  t3rpes  are  unlike  in  the  degree  of  pressure 
effects  indicated.  The  dark  blue  granite  is  entirely  massive,  and  the  only 
effects  of  pressure  metamorphism  discernible  in  the  thin-sections  is  that 
of  undulous  extinction  of,  and  occasional  fractures  in,  the  quartz.  In  the 
Fredericksburg  portion  of  the  area  the  rock  is  a  shade  darker  in  color 
than  most  of  the  same  type  in  the  Richmond  area.    The  texture  is  the 
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same  from  the  two  areas,  but  in  those  quarries  opened  in  the  vicinity  of 
Bichmond,  there  is  perceptible  variation  in  the  degree  of  color. 

The  FredericJcshurg  light  gray  granite. — This  type  occurs  about  one 
mile  west  of  Fredericksburg,  on  Hazel  run,  and  consists  of  anhedra 
averaging  about  2  millimeters.  It  is  essentially  a  muscovite  granite, 
containing  quite  a  sprinkle  of  closely  associated  biotite  with  the  muscovite. 
It  somewhat  resembles  the  Stone  Mountain  light  gray  biotite-bearing 
muscovite  granite  of  Georgia.  An  occasional  crystal  of  red  garnet  is 
observed  in  the  rock. 

The  effects  of  dynamic  metamorphism  are  manifested  in  the  rock  in  a 
thinly  foliated  structure  which  is  only  discernible  on  close  examination. 
Thin-sections  show  quartz,  orthoclase,  microcline,  plagioclase,  muscovite, 
biotite,  apatite,  rutile,  and  zircon.  The  principal  secondary  minerals  are 
chlorite  and  muscovite.  Muscovite  is  partly  primary  and  partly  secondary. 
Microcline  and  plagioclase  are  in  large  amoimt.  Intergrowths  of  the 
feldspars,  and  of  the  feldspars  with  quartz,  are  quite  frequent.  Micro- 
poikilitic  structure  in  the  larger  feldspars  is  strongly  indicated.  Partial 
orientation  of  the  mica  along  parallel  directions ;  an  occasional  bent  and 
broken  muscovite  shred;  fractured  quartzes  with  wavy  extinction,  and 
the  perfect  granulations  of  the  quartz  feldspar  individuals  and  the  in- 
terstices filled  in  with  the  fine  mozaic  of  the  two  minerals  are  pressure 
effects  plainly  marked  in  the  thin-sections. 

The  Falls  Church  types. — The  granites  in  the  vicinity  of  Palls  Church, 
Fairfax  county,  are  of  two  varieties.  One  is  a  medium  to  finely  crystal- 
line rock  and  contains  dominant  biotite  with  some  muscovite  as  the  third 
essential  component.  The  ratio  of  muscovite  to  biotite  is  variable,  and 
while  muscovite  may  be  considerable  in  a  few  instances,  the  granites  of 
this  area  contain  dominant  biotite.  The  other,  a  light  and  dark  speckled 
rock,  is  a  fraction  more  coarsely  crystalline  and  is  a  homblende-biotite 
granite.  It  is  the  only  representative  of  a  hornblende  granite*  yet  found 
in  the  state  and  it  is  somewhat  closely  allied  with  quartz-diorite.  It  is 
closely  associated  in  the  field  with  diorite  masses  on  the  one  hand  and  with 
foliated  mica-granites  on  the  other.  The  associated  diorites  are  partly 
altered  to  metadioritea. 

Petrographically  it  more  properly  belongs  with  the  grano-diorites,  dif- 
fering from  the  diorites  proper  in  increased  quartz  and  potash  feldspar. 
Thin-sections  show  quartz,  plagioclase,  orthoclase,  green  and  brown  horn- 
blende, biotite,  apatite,  rutile,  and  the  secondary  minerals  epidote,  sericite, 

*  Hornblende  syenite  occurn  at  fleveral  localitief^  in  the  ^tate,  but  no  reooKiiiiion  is  taken  of 
thin  rock  In  this  paper.  The  boundaries  of  the  syenite  arena  are  unknown  at  present,  but  U  is 
pnfiAible  that  ftitnre  study  will  reveal  increased  quarts  In  sufficient  quantity  to  differentiate  a 
part  of  the  rock  of  these  areas  as  a  hornblende  granite.  * 
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garnet^  chlorite,  and  kaolin.  Hornblende  is  one  of  the  most  abundant 
constituents  and  at  times  it  completely  incloses  shreds  of  the  biotite. 
Microcline  does  not  occur.  Plagioclase  is  probably  slightly  more  abund- 
ant than  orthoclase.  Metamorphic  effects  are  indicated  in  the  optical 
disturbance  of  the  quartz  and  feldspar ;  in  fractures  crossing  the  quartz ; 
in  curved  and  bent  lamellse  of  a  part  of  the  plagioclase,  and  in  the  marked 
distortion  of  tlie  cleavage  angle  of  the  hornblende. 

The  Annanddle  type. — This  type  is  a  medium  gray  and  medium  tex- 
tured massive  biotite-granite,  intermediate  in  texture  and  color  between 
the  Richmond  light  gray  and  dark  blue  types.  It  is  mineralogically 
similar  to  the  Richmond  types.  Orthoclase  is  the  dominant  feldspar. 
Considerable  microcline  is  present,  but  plagioclase  is  less  abimdant  than 
elsewhere.  Quite  a  sprinkle  of  idiomorphic  sections  of  garnet  is  noted. 
Crushing  effects  are  somewhat  strongly  marked  in  the  thin-sections  in 
the  partial  granulation  of  the  quartz  and  feldspar,  with  the  fine  mosaic  of 
the  two  minerals  filling  the  interspaces  of  the  unmashed  portions  of  these 
minerals. 

Unakite. — This  type  of  rock  derives  its  name  from  the  TJnaka  moun- 
tains in  western  North  Carolina  and  eastern  Tennessee,  where  the  rock 
was  first  observed  and  described.*  Until  very  recently,  knowledge  of  it 
was  limited  to  a  single  locality  in  Virginia,  namely,  at  Milams  gap,  in 
the  Blue  ridge,  near  Luray,  but  it  has  been  noted  near  Troutdale,  in 
Grayson  county.f  The  mineral  composition  of  the  rock  from  the  Virginia 
and  North  Carolina-Tennessee  localities  places  it  among  the  granites,  with 
epidote  as  an  essential  constituent,  but,  according  to  an  analysis  by 
Phalent  of  specimens  from  Milams  gap,  the  rock  is  relatively  basic  for 
a  granite. 

The  rock  is  a  moderately  coarse  but  irregular  crystallization  of  red 
feldspar,  quartz,  and  green  epidote.  Irregular  crystallization  of  the  rock 
is  shown  in  the  variation  of  masses  composed  of  more  than  two-thirds  of 
the  red  feldspar  through  all  gradations  to  masses  composed  of  quartz  and 
epidote  without  feldspar,  epidosite  (see  Phalen,  page  312).  Thin-sections 
of  the  unakite  from  Milams  gap  show  epidote,  orthoclase,  quartz,  iron 
oxide,  zircon,  and  apatite.  The  epidote  is  secondary,§  replacing  pyroxene 
and  feldspar,  both  plagioclase  and  orthoclase. 

The  unakite-bearing  rock  at  Milams  gap  is,  according  to  Phalen,  a 
hypersthene  akerite(hyper8thene-quartz-diallagc-syenite), a  coarse  grained 
dark  grayish  green  aggregate  of  essentially  feldspars  and  black  pyroxenes. 

•F.  H.  Bradley:  Am.  Jour.  Soi.,  3d  series,  vol.  cvii,  1874,  pp.  619-520. 
tThoroaH  L.  Watson  :  Am.  Jour.  Sci..  vol.  xxii,  19(H>»  p.  248. 

t  W.  C.  Phalen  :  Smithsonian  Miscellaneous  Collections,  toI.  xIt,  1904,  pp.  30»-316. 
i  W.  C.  Phalen :  Op.  cit. 
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Thin-sections  of  the  syenite  reveal  the  following  minerals:  Orthoclase, 
plagioclase,  orthorhombic  and  monoclinic  pyroxene,  quartz,  microcline, 
iron  ore,  apatite,  and  zircon,  with  the  alteration  products  epidote,  chlorite, 
and  sericite.  Hornblende  is  essentially  absent  in  the  thin-sections.  Phalen 
regards  the  unakite  as  having  originated  from  the  akerite  by  hydromet- 
amorphism  aided  by  dynamic  disturbances. 

The  following  analyses  of  the  unakite  and  the  unakite-bearing  rock — 
akerite — are  quoted  from  Phalen  (page  313)  : 


810/  
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Fe»0.  

FeO  
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CaO  
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MnO 

Cr,0,   

ZrO, 

99.98  99.42 

PoRPHYBiTic  Granite 

Unlike  the  crystalline  region  of  North  Carolina  and  Georgia,  porphy- 
ritic  granites  are  but  scantily  developed  in  the  Virginia  area.  The  best 
developed  and  most  typical  area  in  the  state  is  that  bounding  the  eastern 
margin  of  the  Richmond  coal  basin  near  Midlothian,  13  miles  west  of 
Richmond  and  extending  for  a  north-south  distance  of  about  20  miles. 
This  marks  the  western  limits  of  the  even-granular  granite  quarried 
around  Richmond  and  Petersburg.  Both  are  biotite  granites  and  only 
differ  from  each  other  texturally. 

The  rock  in  the  vicinity  of  Midlothian  is  a  coarse  porphyritic  biotite 
granite,  the  porphyritically  developed  mineral  of  which  is  potash  feld- 
spar. The  phenocrysts  are  of  large  size,  2  or  more  inches;  idiomorphic 
in  outline  and  contain  biotite  inclusions ;  often  twinned  on  the  Carlsbad 
law,  and  are  in  part  orientated  in  a  general  northeast-southwest  direction 
from  flowage  of  the  rock.  The  porphyritic  texture,  with  variations,  is 
traced  as  far  north  as  Gayton,  in  Henrico  county,  and  as  far  south  as 

•  Including  TiOf. 
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Winterpock,  in  Chesterfield  county.  The  evidence  seems  quite  clear  that 
the  porphyritic  granite  underlies  in  part  the  eastern  portion  of  the  Bich- 
mond  coal  basin,  but  its  relations  to  the  crystalline  rocks  on  the  west  can 
not  be  stated,  since  the  line  of  contact  is  concealed  beneath  the  coyer  of 
Newark  rocks  of  the  coal  basin. 


Qranitb-gneisses 

Qneisses  of  granitic  composition  make  up  one  of  the  principal  rock 
types  in  the  Virginia  Piedmont  complex.  Many  of  these  gneisses  were  de- 
rived from  original  massive 
granites,  and  they  are  invariably 
of  the  mica  type.  In  mineral 
composition  the  granite-gneisses 
are  essentially  identical  with  the 
massive  granites,  except  that 
hornblende  is  associated  with 
biotite  in  the  Richmond  and 
Fredericksburg  areas.  In  some 
of  the  slides  hornblende  is 
largely  in  excess  of  the  biotite. 

The  gneisses  differ  from  the 
granites  principally  in  the 
banded  structure  induced  in  the 
former  through  the  action  of 
pressure  metamorphism.  The 
banding  may  be  fairly  regular, 
but,  as  a  rule,  it  is  quite  irreg- 
ular; in  either  case  the  bands 
are  composed  of  alternating  ones 
of  light  and  dark  colored  min- 
erals. The  individual  bands 
may  vary  much  in  thickness. 

Between  the  entirely  massive 
granite  and  the  typical  granite- 
gneiss  intermediate  grades  of 
schistosity  are  easy  of  differ- 
entiation over  parts  of  the  Virginia  area.  This  undoubtedly  means  that 
in  some  of  the  areas  a  less  schistose  granite  may  grade  into  a  more 
schistose  one.  In  other  areas  this  interpretation  is  not  possible,  for  the 
massive  granites  are  sharply  defined  structurally  from  the  schistose  ones, 
and  in  all  cases  where  contacts  were  found  it  was  entirely  clear  that  the 


FiouBB  I.— Contact  of  HombUnde-biotit*  Gneii$  mth 
Oranite. 

At  McGowan  quarry  south  of  Richmond.  Oranit« 
cuts  directly  across  schistosity  of  the  gneiss;  the 
pegmatites  conform  with  the  schistosity. 


dEANITE-GNEISSES 


533 


massive  rock  was  younger  and  had  been  intruded  into  the  schistose  rock. 
The  evidence  for  this  is  discussed  elsewhere  in  this  paper. 

The  Eiohmond-Predericksburg  Gneiss 

This  is  the  oldest  of  the  acid  rocks  in  the  Richmond-Fredericksburg 
areas  and  it  is  invaded  by  both  the  light  gray  and  dark  blue  massive 
granite.  Figure  1  shows  the  relations  between  the  dark  blue  granite  and 
the  gneiss  at  the  McQowan  quarry,  south  of  Richmond.  Similar  rela- 
tions obtain  in  the  quarries  3  miles  north  of  Fredericksburg.  The  period 
of  deformation  inducing  the 
schistose  structure  in  the  gneiss 
antedates  that  of  the  intrusion 
of  the  massive  granite,  as  evi- 
denced by  the  massive  granites 
cutting  across  the  schistosity  of 
the  gneiss  and  by  inclusions  of 
the  gneiss  in  the  granites  which 
preserve  perfectly  the  gn^issic 
structure. 

The  rock  is  a  homblende- 
biotite  gneiss  of  medium  text- 
ure and  irregularly  banded. 
The  principal  minerals  are 
quartz^  orthoclase,  plagioclase, 
hornblende,  biotite,  sphene,  and 
apatite.  Chlorite  occurs  as  an 
alteration  from  biotite.  The 
j^rincipal  features  to  be  noted 
in  the  composition  of  the  gneiss 
are :  (1)  The  presence  of  essen- 
tial hornblende,  which  greatly 
exceeds  biotite  in  amount  in 
some  of  the  sections;  (2)  the  absence  of  microcline — a  mineral  always 
present  in  the  massive  granites;  and  (3)  the  presence  of  much  plagio- 
clase, which  is  the  dominant  feldspar  in  a  few  sections  and  nearly  or  quite 
equals  orthoclase  in  amount  in  others. 

Stbuotuhal  Relations  of  the  Granites  in  the  Richmond- 
Fredericksburg  Areas 

TYPES 

Three  types  of  rocks  of  granitic  composition  are  represented  in  the 
Kichmond  area;  two  are  massive  granites;  the  third  is  a  schistose  granite 


FiouBK  2.— Contacts  between  the  Qray  and  Blue 
Oranitea. 

Locality  Netherwood  quarry.  Inclusions  of  the 
older  gray  granite  are  shown  in  the  blue  granite. 
Scale,  1^  =  9^. 
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or  granite-gneisB.  The  two  massive  granites  are  designated  above  as  the 
light  gray  granite  and  the  dark  blue  granite.  Three  periods  of  intru- 
sions are  accordingly  represented  in  the  following  order,  b^inning  with 
the  earliest:  (1)  The  granite-gneiss,  (2)  the  Richmond-Petersburg  light 
gray  granite,  and  (3)  the  Richmond-Fredericksburg  dark  blue  granite. 
This  succession  is  plainly  indicated  in  the  field  and  is  further  confirmed 
by  microscopic  evidence. 

CONTACTS 

The  numerous  quarries  worked  in  the  vicinity  of  Richmond  afford 
excellent  opportunity  for  studying  the  contacts  between  the  fresh  granites 
of  the  three  types  named  above.  As  noted  in  the  description  detailed 
above  of  the  three  types,  the  difference  in  color,  texture,  and  structure 
render  them  easy  of  differentiation.  Prom  the  large  number  of  contacts 
examined  not  one  has  shown  the  presence  of  contact  minerals.     Several 


FiouBB  Z.—Relaticni  of  th€  Blu€  to  th€  Qra^  OraniU. 
Ab  shown  at  the  Netherwood  quarry  west  of  Richmond.    Scale,  V'^ISV. 

of  the  contacts  show  inclosures  of  the  older  granite  in  the  newer  one. 
At  one  of  the  contacts  between  the  light  gray  and  the  dark  blue  granites 
in  the  Netherwood  quarry  the  younger  or  dark  blue  granite  contains 
numerous  irregular  and  varying  size  fragments  of  the  light  gray  granite, 
as  shown  in  figure  2.  Again,  other  exposures  in  the  same  quarry  reveal 
the  true  relations  of  the  two  granite  types.  As  shown  in  figure  3,  the 
dark  blue  granite  invades  the  gray  granite  in  two  separate,  nearly  vertical 
dike-like  arms.  Figure  2,  plate  69,  is  from  a  photograph  of  one  of  the 
arms  of  the  dark  blue  granite  showing  jointing  of  the  rock.  The  same 
relation  of  these  two  types  is  equally  well  shown  in  the  dark  blue  granite 
penetrating  the  light  gray  granite  in  the  Philadelphia  quarries  at  the 
head  of  the  settling  basin  near  Richmond. 
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Figure  1. — McfiowAN  qramtk  Quahry,  south  or  Richmond,  Virginia 
Showing  sheeting  from  horizontal  jointing  approximately  parallel  to  the  surface 


FiouBE  2. — Vertical  and  horizontal  Jointing,  Nktherwuod  granite  (Quarry,  west  or  Richmond 
GRANITE  QUARRIES  IN  VIRGINIA 
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At  the  McQowan  quarry,  several  miles  south  of  Bichmond,  and  the 
Cartright  and  Davis  quarries,  3  miles  north  of  Fredericksburg,  contacts 
between  the  granite-gneiss  and  the  dark  blue  granite  are  beautifully 
shown.  At  both  places  the  granite  cuts  directly  across  the  schistosity  of 
the  gneiss,  as  shown  in  figure  1.  Plate  72,  figure  2,  is  from  a  photograph 
of  an  inclusion  of  the  gneiss  in  the  blue  granite.  It  is  entirely  clear  that 
the  period  of  intrusion  of  dark  blue  granite  was  subsequent  to  the  period 
of  deformation  producing  the  schistose  structure  of  the  granite-gneiss. 


APOPHYSBS 

At  the  Cartright  and  Davis  quarries,  3  miles  north  of  Fredericksburg, 
the  sloping  floor  of  the  granite-gneiss  in  one  of  the  openings  contains 
numerous  large  and  small  dikes  or  tongues  of  the  dark  blue  granite  pene- 
trating the  gneiss.  These  have  the  same  texture,  color,  and  composition 
PS  the  parent  mass  and  they  conform  in  part  with  the  schistosity  of  the 
inclosing  gneiss  and  in  part  cut  directly  across  it.  Similar  conditions 
obtain  at  the  McGowan  quarry,  several  miles  south  of  Richmond.  The 
Fredericksburg  quarries  furnish  the  best  illustration  of  granite  tongues 
penetrating  from  the  parent  mass  into  the  inclosing  rock. 

INCLUSIONS 

The  inclusions  are  of  two  kinds:  First,  those  which  correspond  in 
composition  and  otherwise  with  the  inclosing  rock  and  plainly  represent 
fragments  of  the  country  rock  torn  off  during  the  intrusion  of  the  granite 
containing  them.  In  the  Richmond-Fredericksburg  areas  the  dark  blue 
granite  in  some  of  the  quarries  contains  inclusions  of  the  massive  light 
gray  granite  (figure  2)  and  of  the  gneiss  (plate  72,  figure  2).  The 
foliation  of  the  gneiss  is  entirely  preserved  in  the  inclusions  of  the  rock. 
No  appreciable  metamorphism  was  observable  in  the  contacts  of  the 
country  rock  and  the  inclusions. 

The  second  type  of  inclusion  is  a  massive  basic  segregation  from  the 
magma.  It  consists  of  dominant  biotite,  a  little  feldspar  and  quartz,  and 
of  variable  sizes  and  shapes.  Where  observed,  a  tendency  toward  an 
elliptical  or  much  elongated  mass  is  shown.  The  composition  of  these 
bodies  entirely  comports  with  that  of  the  inclosing  rock,  granite,  except 
that  biotite  is  very  largely  in  excess.  These  basic  inclusions  are  abund- 
antly developed  in  the  hornblende-biotite  granite  of  the  Falls  Church  area, 
where  they  assume  very  large  dimensions  in  many  cases.    The  Richmond, 
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Petersburg,  and  Fredericksburg  granites  show  comparative  freedom  from 
them,  and  usually  they  are  of  yery  small  dimensions. 

The  Aplites  and  the  Peomatitbs 

The  aplites  are  only  occasionally  met  with  in  the  Virginia  granite 
areas.  They  have  been  noted  by  the  writer  only  in  the  Bichmond  granite 
area.  A  banded  aplite-pegmatite  of  small  dimensions,  shown  in  figure  4, 
penetrates  the  dark  blue  granite  of  the  McGowan  quarry  south  of  Bich- 
mond. In  the  vicinity  of  Midlothian,  13  miles  west  of  Bichmond,  the 
porphyiitic  biotite  granite  is  cut  by  a  number  of  small  aplite  dikes. 

Where  these  have  been  observed  they  are 
/j7-^J^V/i.V^"^^^'V>  plainly  of  an  intrusive  nature,  cutting  the 
granite  proper  and  not  the  inclosing  gneisses. 
Pegmatites  are  abundantly  developed  in 
the  Bichmond-Fredericksburg  areas  and  at 
times  are  of  large  size.  Only  in  one  or  two 
instances  do  they  seriously  interfere  with 
quarrying  operations.  They  are  of  granitic 
mineralogy,  without  the  occurrence  of  un- 
usual or  rare  minerals  noted  in  them,  and 
they  cut  alike  the  granites  and  the  gneisses. 

They  consist  of  coarse  aggregates  of  feld- 
spar and  quartz,  with  more  or  less  black  bio- 
tite and  a  little  muscovite.    In  the  Fred- 
ericksburg  quarries   of   dark   blue   granite, 
where  the  pegmatites  are  particularly  abun- 
FiQvuM  i.—Banded  Apiiu-Pegmatiu    daut,  massivc  grauular  magnetite  and  large 
inurseeUngtheBiu^Qramte.        ^ud  Small  perfect  red  crystals  of  garnet  are 
McGowan  quarry,  south  of  Rich-    j^q^   infrequent    Constituents.    The    dodeca- 

mond.    Scale,  1"  =  6".  ^ 

hedron  and  trapezohedron  are  the  commonest 
forms  of  the  garnet.  The  feldspar  exhibits  a  variety  of  colors,  from 
white  opaque  and  pink  to  a  decided  medium  green,  the  former  two  being 
the  commonest  shades.  Thin-sections  show  both  orthoclase  and  micro- 
cline  under  the  microscope.  An  acid  plagioclase  is  present  in  some  of 
these  veins.  The  numerous  quarries  in  the  Bichmond  area  afford  excel- 
lent opportunity  for  studying  the  pegmatites  and  some  interesting  data 
have  been  obtained  bearing  on  their  comparative  age  relations. 

It  has  been  shown  above  that  there  are  three  granites,  including  the 
granite-gneiss  in  this  area,  representing  as  many  periods  of  intrusion. 
The  order  of  these  intrusions,  beginning  with  the  oldest,  has  been  shown 
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to  be:  (1)  Granite-gneiss,  (2)  Eichmond-Petersburg  light  gray  granite, 
and  (3)  the  Richmond-Fredericksburg  dark  blue  granite.  As  shown  in 
the  accompanying  figures,  sketched  from  quarry  openings  in  the  field, 
the  granite  mass  of  each  intrusion. was  accompanied  by  the  formation  of 
pegmatitic  material.  Some  of  the  pegmatites  intersecting  the  dark  blue 
granite  which  represents  the  latest  of  the  granite  intrusions  also  pene- 
trate the  light  granite,  and  in  some  cases  the  earliest  of  the  intrusions, 
granite-gneiss.  These  conditions  are  well  illustrated  in  figures  1  and  5, 
which  show  that  the  latest  formed  pegmatites  intersecting  the  dark  blue 
granite  also  extend  into  and  intersect  respectively  the  granite-gneiss  and 


FiouBB  i.-'Cuntaet  bttween  Bhu  and  Oray  Qranite. 

Netherwood  quarry,  west  of  Richmond.    The  same  pegmatite  cut- 
ting both  granites  is  shown. 

the  light  gray  granite ;  also  figure  1  shows  that  a  pegmatite  which  char- 
acterized the  earliest  period  of  intrusion,  granite-gneiss,  is  abruptly  cut 
off  by  the  intrusion  of  the  dark  blue  granite  into  the  granite-gneiss.  It 
will  be  observed  from  the  figure  that  where  the  pegmatite  is  cut  off  by 
the  dark  blue  granite  it  is  equally  as  wide  as  in  any  other  portion  of  the 
dike,  traced  for  some  distance  in  the  exposed  granite-gneiss.  Moreover, 
those  pegmatites  which  belong  to  the  latest  period  of  intrusion  and  which 
intersect  the  dark  blue  granite  are  found  intersecting  each  other  in  such 
manner  as  to  indicate  earlier  and  later  formation.  Figure  6,  which 
shows  this,  also  shows  that  the  oldest  or  intersected  pegmatite  is  faulted 
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along  the  youngest  or  intersecting  pegmatite.  There  is  no  evidence  for 
regarding  this  relation  of  the  pegmatites  as  due  to  branching,  but  the 
facts  all  support  faulting  as  the  cause. 

Those  pegmatites  which  intersect  the  granite-gneiss  in  some  cases 
follow  the  schistosity,  as  in  figure  1^  and  in  other  cases  they  cut  across  the 
schistosity,  as  in  figure  7.     Plate  71,  figures  1  and  2,  are  from  photo- 


FiouBB  6.^Faulted  Ptgmatite  inttraeeting  Blu4  Qranite. 
The  Donald  quarry,  west  of  Richm  ^  nd. 

graphs  of  pegmatites  cutting  the  dark  blue  granite  in  the  quarries  at 
Fredericksburg  and  Richmond. 

Where  observed,  the  pegmatites  are  sharply  defined  fr6m  the  inclosing 
rock;  parallel  banding  to  the  walls  does  not  occur;  their  composition  is 
essentially  similar  to  that  of  the  inclosing  granite,  and  all  of  them  are 
entirely  massive,  without  any  evidence  of  pressure  metamorphism  shown 
in  them.  This  last  feature,  massive  character,  has  an  important  bearing 
on  the  question  of  the  relative  periods  of  formation  of  the  pegmatites 
and  that  of  the  granite-gneiss  which  they  intersect.  In  case  the  gneiss 
represents  an  original  massive  granite,  which  seems  reasonably  sure,  it 
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Figure  1.— Pkomatite  Dike 
Cutting  blue  granite  in  Davis  quarries,  3  miles  north  of  Fredericksburg,  Virginia 


Figure  2.— Peomatitk  Veins  cutting  Granite,  Donald  Quarry,  west  or  Richmond 
PEGMATITE  DIKES  AND  VEINS 
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must  follow  that  the  massive  pegmatites  which  characterize  it  mnst  have 
formed  after  the  period  of  deformation  which  induced  the  banded  or 
schistose  structure  in  the  gneiss.  Again^  this  series  of  pegmatites  must 
have  formed  prior  to  the  periods  of  intrusion  of  the  light  gray  and  the 
dark  blue  granites,  as  shown  in  fig- 


ure 1. 


Joint  Systems 


FiouBK  t.—Ptgntatite  cutting  aerou  the  Sehit- 
totity  of  the  Qranite^iei98. 

Middendorf  quarry,  west  of  Mancheetor. 


OBNBRAL   CHARACTER 

The  Virginia  granites  are  inter- 
sected by  three  systems  of  joints — a 
vertical  set,  a  diagonal  set,  and  a 
horizontal  set.  These  may  be  widely 
spaced  or  closely  spaced.  Usually 
the  spacing  is  suflBciently  wide  to  ad- 
mit of  dimension  stone  being  quar- 
ried. The  vertical  set  of  joints  is 
usually  more  strongly  developed  than  the  diagonal,  and  in  some  of  the 
granite-masses  both  set^  occur. 

Measurements  of  the  strike  of  the  joint-planes  made  in  the  quarries  can 
be  summarized  as  follows:  Two  sets  of  joints  whose  planes  lie  in  the 
northeast  and  northwest  quadrants  respectively  and  compose  the  major 
jointing,  and  two  minor  sets  striking  east-west  and  north-south.  Strike 
of  the  joint-planes  in  the  northeast  and  northwest  quadrants  shows  the 
limits  of  variation  to  be  north  6®  east  or  west  to  north  80**  east  or  west. 
Only  a  few  of  the  planes  strike  east-west  and  north-south. 

The  inclined  joints  are  less  abundant  than  the  vertical  ones,  and  they 
dip  at  angles  varying  from  20  to  82  degrees.  The  dips  are  toward  the 
northeast,  east,  and  southeast,  northwest  and  southwest  On  plate  69, 
figure  2,  and  plate  70,  figures  1  and  2,  are  shown  the  two  systems  of 
vertical  and  inclined  joints.  Some  movement  in  the  granite  masses  since 
the  formation  of  the  joints  is  indicated  in  the  development  of  slickensides 
on  the  joint  surfaces.  Polished  and  striated  surfaces  are  fairly 
abundant. 

HORIZONTAL  JOINTS 

Joints  which  approximate  horizontality  in  position  are  strongly  devel- 
oped in  the  granites  of  Virginia  and  of  the  southern  States  in  general. 
Careful  observation  over  the  southern  region  by  the  writer  has  developed 
two  characteristics  of  this  set  of  joints: 
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(1)  The  visible  joints  that  lie  entirely  or  approximately  in  the  hori- 
zontal plane  are  a  surface  feature^  becoming  less  emphasized  with  depth 
and  are  not  observed  in  the  lower  portion  of  the  rock  in  some  of  the  deeper 
quarries.  As  a  rule^  the  planes  separate  the  rock  into  thinner  sheets  at  or 
near  the  surface  and  into  thicker  sheets  on  depth. 

(2)  The  joints  of  this  set  are  developed  parallel  to  the  granite  snrface. 
In  the  flat  surface  exposures  of  granite  this  set  of  joints  lie  entirely  in 
the  horizontal  plane.  In  the  gently  arched  exposures  the  joints  observe 
approximately  the  same  degree  of  curvature  as  that  of  the  granite  surface, 
and  in  the  steep  domes  the  joints  are  correspondingly  steep,  obserring 
parallelism  with  the  doming  surface. 

In  the  opinion  of  the  writer,  the  above  facts  indicate  weathering  as  fhe 
cause  of  this  set  of  joints;  exfoliation  to  be  largely  attributed  to  temper- 
ature changes.^  Curved  joints  undoubtedly  exist  in  some  granite  masses 
below  the  exfoliating  surface  and,  as  Merrill  says,  are  ''the  result  of 
torsional  strains  and  once  existing  are  lines  of  weakness  which  become 
more  and  more  pronounced  as  weathering  progresses.''f 

Doming  granite  masses  do  not  occur  in  the  Virginia  area  and  the  joints 
belonging  to  the  above  class  are  practically  horizontal.  Plates 
69,  70,  and  72,  reproduced  from  photographs  taken  in  the  Virginia  quar- 
ries, show  a  strong  development  of  horizontal,  jointing. 

•G.  p.  Merrill :  Rooks,  rook  weathering  and  soil*,  1M7,  pp.  180-114^ 
t  Ibid.,  p.  MS. 
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FiouHE  1.— Cook's  granite  Quarry,  north  of  Pktersburo,  Virginia 
Showing  horizontal  jointing  parallel  to  surface 


Figure  2. — Inclusion  or  Gneiss  in  blue  Ghanitb  at  McGowan  Quarry,  south  or  Richmonp 
GRANITE  QUARRY  AND  GNEISS  INCLUSION 
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Intboduotion 

The  purpose  of  this  paper  is  to  announce  the  discovery  of  fish  remains 
in  rocks  of  Ordovician  age  in  the  Bighorn  mountains  and  to  describe  the 
character  and  relations  of  the  rocks  in  which  they  occur.  There  will  be 
added  a  few  statements  regarding  the  similar  occurrence  of  fossil  fish  in 
the  Ordovician  sandstone  near  Canyon  City,  Colorado,  announced  by  Mr 
C.  D.  Walcott  in  1892t,  and  a  brief  review  of  our  knowledge  of  the 
Ordovician  geology  of  the  Northwest. 

General  Geology  op  the  Bighorn  Uplift 
geography 

The  Bighorn  mountains  are  an  outlying  portion  of  the  Rocky  Mountain 
range,  extending  from  north-central  Wyoming  into  the  south-central  por- 
tion of  Montana.  They  rise  abruptly  out  of  the  Great  plains,  which  have 
an  altitude  of  4,000  to  5,000  feet,  to  altitudes  which  range  from  10,000  to 
slightly  over  13,000  feet  in  the  higher  mountain  summits.  The  portion 
of  the  range  to  which  the  term  Bighorn  mountains  is  applied  trends  north- 
northwest  in  the  northern  portion  of  its  course  and  nearly  due  north  and 
south  in  the  southern  portion,  where  it  joins  a  high  east-west  range 
known  as  the  Bridger  range  and  Owl  Creek  mountains. 

The  Bighorn  mountains  end  at  the  north  at  the  canyon  of  Bighorn 
river,  beyond  which  the  same  uplift  is  continued  in  the  Pryor  mountains, 
a  range  of  moderate  elevation,  which  extends  but  a  short  distance.  West 
of  the  Bighorn  mountains  there  is  a  wide  area  of  plains  known  as  the 
Bighorn  basin,  which  extends  to  the  foot  of  the  Shoshone  mountains  on 
the  west  and  the  Bridger  range  and  the  Owl  Creek  mountains  on  the 
south. 

STRUCTURE 

The  Bighorn  mountains  are  due  to  a  great  anticline  of  many  thousands 
of  feet  uplift,  which  has  brought  a  thick  series  of  Paleozoic  and  Mesozoic 
sedimentary  rocks  high  above  the  adjoining  Great  plains.  Owing  to  the 
deep  erosion  of  the  crest  of  this  uplift,  the  mountains  present  a  central 
nucleus  of  pre-Cambrian  granites,  with  the  sedimentary  rocks  on  the 
flanks  of  the  mountains  and  constituting  plateaus  at  either  end.  The 
region  is  one  of  exceptionally  fine  exposures,  which  afford  a  rare  oppor- 
timity  for  study  of  the  stratigraphic  relations  and  variations.  Most  of 
the  rocks  are  hard,  and  streams  flowing  out  of  the  central  mountain  area 
have  cut  deep  canyons  and  gorges,  in  the  walls  of  which  the  formations 

t  Ball.  Geol.  Boc.  Am.,  vol.  3,  pp.  153-172,  pis.  8  and  5. 
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are  often  extensively  exhibited.  The  structure  presented  locally  is  usually 
that  of  a  monocline  dipping  toward  the  Plains  on  the  east  side  and  the 
Bighorn  basin  on  the  west.  The  oldest  sedimentary  rocks  usually  are  at 
the  base  of  a  ridge  facing  the  interior  granite  area,  and  each  higher 
stratum  passes  beneath  a  newer  one  in  regular  succession  outward  toward 
the  margin  of  the  uplift.  In  figure  1  there  is  given  a  cross-section  show- 
ing the  general  structure  in  the  higher  portion  of  the  uplift. 

In  this  section  the  anticline  has  steep  sides,  especially  on  the  west,  but 
in  places  the  steeper  dips  are  on  the  east  side,  and  in  some  portions  of  the 
uplift  they  are  gentle  on  both  sides.  In  the  northern  portion  of  the  area, 
where  the  strata  cross  the  arch,  the  crest  of  the  uplift  is  nearly  flat. 


FiGDHB  1. — Typical  Section  across  the  Bighorn  Mountains. 

Showing  the  general  structure  In  the  higher  portion  of  the  uplift.  C,  Dead  wood  for- 
mation (Middle  Cambrian)  ;  O,  Bighorn  limestone;  LC,  Madison  limestone  (Lower  Car- 
boniferous) ;  UC,  Amsden  and  Tensleep  formations  (Upper  Carboniferous)  ;  R,  Red  l>eds ; 
M,  Sundance  (Jurassic)  and  Morrison;  CI,  Cloverly  sandstone;  Co,  Colorado  group;  P, 
Pierre  shale;  F,  Tarkman  sandstone  (Fox  Hills?). 

Several  great  faults  break  the  monoclinal  slopes,  and  in  the  southern  por- 
tion of  the  range  a  great  dislocation  extends  for  many  miles  along  the 
higher  portion  of  the  moimtain,  parallel  to  the  strike  of  the  uplift  and 
near  its  crest. 

ROCKS 

The  sedimentary  formations  consist  of  a  series  of  thick  sheets  of  sand- 
stone, limestone,  and  shales,  all  essentially  conformable  in  -structure, 
although  lacking  some  members  of  the  geologic  succession.  Quaternary 
deposits  of  glacial  origin  lie  on  the  granites  in  the  highlands,  and  fluvia- 
tile.  gravels  and  sands  are  on  terraces  overlapping  the  older  sedimentary 
rocks  on  the  Plains.  The  stratigraphy  presents  many  features  of  simi- 
larity to  the  succession  of  rocks  in  the  Rocky  mountains  of  Colorado  and 
Wyoming  and  the  Black  hills,  but  it  possesses  numerous  distinctive  local 
features.  The  following  is  a  list  of  the  formations  which  are  exhibited 
in  the  uplift,  with  a  generalized  statement  as  to  thickness,  characteristics, 
and  age.  The  broader  features  of  distribution  are  shown  in  the  map 
(plate  73). 
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Generalized  Section  in  the  Bighorn  Mountains 


Formation. 


Character  and  age. 


Averaiee 
thiokneas. 


Age. 


'De  Smet  forma- 
tion. 

Kingsbury    oon- 
iclomerate. 

Piney  formation... 


Parkroan (Fox  Hills?) 
sandstone. 


Pierre  shale 

Colorado  formation... 


CloreHy  formation.. 


Morrison  formation.... 
Sundance  formation... 

Ghugwater  formation 

Tensleep  sandstone... 
Amsden  formation.... 


Madison  limestone.... 
Bighorn  limestone...... 

Deadvrood  formation. 


Qray  sandstone   and   carbonaceous 
shales,  with  lignite  deposits. 

Local  conglomerate  of  central-eastern 
district. 

Brown    and    gray   sandstones    and 
shales. 

Soft,  bnflr,  massive   sandstone  with 
harder  darker  concretions. 


Dark  gray  shale  with  concretions 

Gray  shales,  thin  brown  sandstones 
below,  hard  flne  gray  sandstones 
(Mowry  beds)  in  middle  part, -con- 
cretions with  PrionocycluB,  etcet- 
era, at  top. 

Buff,  coarse  massive  sandstone  below 
with  light-colored  shales  and  some 
sandstones  above. 

Massive  shales,  greenish-gray,  buff, 
maroon,  with  thin  sandstones. 

Soft  sandstones  overlain  bv  greenioh- 
gray  shale ;  several  hard  fossilifer- 
ous  layers  near  top  and  bottom. 

Red  shales  and  soft  sandstone,  thin 
limestone  layers  near  top  ana  bot- 
tom, and  gypsum  deposits. 

Massive  buff  to  gray  sandstone,  cal- 
careous near  top. 

Red  shales  or  sandstone  ai  base,  over- 
iaip  by  fine  grained  white  lime- 
stone, cherty  near  top. 

Light  colored  limestones,  very  mass- 
ive near  top. 

Mostly  hard  massive  limestones  with 
streaks  of  silica,  overlain  by  series 
of  softer  purer  limestones  with 
local  shaly  limestones,  0-30  feet  of 
white  sandstone  at  base. 

FmL 


Granite.. 


Slabbv  limestones  with  flat- 
pebble  limestone  conglom- 
erates, sandy  to  southeast..         200 

Green  shale  with  sandetone 
layers 300-600 

Brown  massive  sandstones....      0-400 

Gray  and  red  of  various  kinds,  pene- 
trated by  diabase  and  other  aikes. 


Feet. 
6,000+ 

0-2,001) 

2,0:KKt,000 

aoo-  ftoo 
i,aK)-:i,6oo 

1,250-1,600 

80-    200 

150-    300 
260-    460 

700-1, :W) 

SO-    160 
200-   360 

700-1.100 
260-   300 

900-1,160 


Upper  CretAoeoas  (and 
Eocene  ?). 

Upper  Cretaceous  (and 
Eocene  ?). 

Upper  Cretaoeooa  (and 
Eocene  7). 

Upper  Cretaceous. 


Upper  Creta«eoafl. 
Upper  Cretaceous. 


Upper  and  LowerCreta- 
oeouH  (DakotA-Fuson 
Lakota). 

Lower  Cretaeeona  7 


Jurassic. 


Triaaaio  7  and  Permian. 


Carboniferous  (Penn- 
sylvanian). 

Carbon  i  ferooa  (  Penn- 
sylvanian  and  MIs- 
sissippian  7). 

Carboniferous  (Missit- 
sippiao). 

Ordovician  (lower 
member  TrentonX 
upper  member  Rich- 
mond). 


Middle  Cambrian. 


Archean  or  AUonkiaa. 


Ordovician  op  the  Bighorn  Mountains 
general  relations 
As  indicated  in  the  above  table,  the  Ordovician  representative  in  the 
Bighorn  mountains  has  been  designated  the  Bighorn  limestone,*  and 


*  Bull.  GeoL  Soc.  Am.,  voL  16,  1904,  p.  896. 
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probably  it  is  the  most  conspicuous  sedimentary  formation  in  these  moun- 
tains, for  its  hard,  massive  limestone  outcrops  in  long  high  escarpments 
surmounting  the  slopes  of  Deadwood  rocks.  To  the  north  its  thickness 
averages  about  300  feet,  including  an  upper  series  of  about  100  feet  of 
softer,  thinner  bedded  limestone  and  a  basal  white  sandstone,  which  have 
been  included  in  the  formation  mainly  on  account  of  their  Ordovician  age. 
In  the  southern  portion  of  the  uplift  the  formation  thins  out  and  is 
absent,  but  it  reappears  in  the  northern  and  western  portions  of  the 
Bridger  range.* 

The  principal  exposures  of  the  Bighorn  limestone  are  in  the  lines  of 
cliffs  which  face  inward  on  the  higher  slopes  of  the  limestone  front  ridge 
of  the  mountains,  and  it  caps  some  of  the  highest  divides  in  the  Bald 
Mountain  region.  It  is  also  a  prominent  feature  in  the  numerous  deep 
canyons  leading  out  of  the  mountains,  especially  along  Bighorn,  Tongue, 
and  Little  Bighorn  rivers  and  Shell,  Lodge  Grass,  Wolf,  Goose,  Rapid, 
Paintrock,  Tensleep,  Canyon,  Otter,  Beartrap,  and  Crazy  Woman  creeks. 
Along  either  side  of  the  higher  part  of  the  uplift  the  outcrop  of  the  forma- 
tion usually  is  narrow,  but  in  the  Bald  Mountain  region,  where  the  strata 
lie  more  nearly  level,  some  wider  areas  are  exhibited.  It  caps  the  main 
divide  north  of  Bald  mountain  and  occurs  on  either  side  of  the  upper 
portion  of  Tongue  River  valley.  In  the  high  plateau  between  Tongue 
river  and  Shell  creek  it  is  largely  covered  by  Madison  limestone.  In 
Hunt  mountain  the  formation  presents  to  the  west  a  high,  straight  escarp- 
ment, which  is  visible  from  far  out  in  the  Bighorn  basin.  The  formation 
is  cut  out  for  short  distances  by  the  great  faults  at  various  points  along 
the  uplift,  so  that  it  does  not  reach  the  surface.  Its  outcrop  area  is 
shown  in  plate  73. 

OHARAOTBR 

The  massive  limestone  which  constitutes  the  greater  part  of  the  forma- 
tion is  a  rock  usually  of  light  buff  color,  somewhat  darker  when  weathered, 
filled  with  a  coarse  mat  or  network  of  irregular,  silicious  masses,  mostly 
from  one-half  to  1  inch  in  diameter.  On  weathering  this  silicious  ma- 
terial stands  out  a  half-inch  or  more  on  the  rock  surface  as  a  ragged  net- 
work, the  purer  rock  between  having  been  dissolved.  The  nature  of  this 
weathered  surface  is  shown  in  figure  1,  plate  76.  This  feature  and  the 
very  massive  bedding  are  characteristic.  It  is  owning  to  the  softness  of 
the  underlying  Deadwood  shales  and  the  hard,  massive  nature  of  the  Big- 
horn limestone  that  the  latter  forms  high  cliffs  with  a  talus  of  huge  blocks 


•  The  first  notice  of  OrdoTiclan  in  the  Bighorn  mountains  was  in  a  paper  by  C.  B. 
Beecber,  Am.  Geologist,  toI.  xviii,  1896,  p.  32. 
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of  the  limestone  on  the  slopes  below.  In  plate  74  are  shown  some  prom- 
inent outcrops  of  this  member.  In  the  canyons  there  are  close,  high 
walls  where  the  streams  cross  the  formation^  and  a  vertical  cliff  as  the 
rock  rises  in  the  slopes. 

The  upper  portion  of  the  formation  consists  of  limestones  softer  and 
purer  than  those  below,  the  bedding  is  thinner,  color  white  to  gray,  and 
parts  of  the  rock  are  very  compact  or  fine  grained,  often  resembling 
lithographic  stone.  There  is  considerable  variation  in  the  local  features 
of  this  member,  and  its  thickness  varies  from  75  to  over  100  feet.  In  its 
basal  beds  corals  occur,-  often  in  great  abundance,  especially  along  the 
central  side  of  the  uplift.  In  the  greater  part  of  the  area  there  is  in- 
cluded, a  short  distance  above  the  coralline  beds,  a  layer  of  hard,  ma^ve 
limestone  with  network  of  silica,  similar  to  the  great  lower  member  of  the 
formation,  but  less  marked  in  character  and  only  from  16  to  25  feet  thick. 
Some  shale  and  sandy  limestone  beds  are  also  included.  On  the  south 
branch  of  Bock  creek  the  upper  member  of  the  formation  is  an  impure, 
thin  bedded,  gray  limestone  which  weathers  to  a  reddish  clay  and  contains 
large  numbers  of  fossils  of  the  Bichmond  fauna. 

The  basal  sandstone  of  the  formation  is  a  distinct  member  separating 
the  massive  Bighorn  limestone  from  the  limestones  and  shales  of  the  Dead- 
wood  formation.  It  is  most  extensively  developed  in  the  northern  central 
portion  of  the  uplift,  where  its  thickness  usually  is  from  25  to  30  feet. 
The  rock  is  a  moderately  coarse  grained,  massive  sandstone,  mostly  of 
light  gray  color.  It  thins  to  the  northwestward  and  is  absent  at  some 
localities  in  the  vicinity  of  Shell  creek  and  Little  Bighorn  river.  It  also 
thins  south  of  latitude  44  degrees  and  finally  ends  with  the  termination 
of  the  Bighorn  limestone  a  short  distance  north  of  Cheevers,  a  ranch  10 
miles  southeast  of  Bigtrails,  excepting  a  small  area  on  the  West  fork  of 
Powder  river,  12  miles  farther  southeast,  where  it  has  a  thickness  of  4 
feet. 

THlCKiJEBB 

North  of  Powder  river  the  Bighorn  limestone  rarely  varies  materially 
from  300  feet  in  thickness,  but  in  some  localities  the  amount  is  slightly 
greater,  notably  in  the  lower  part  of  Shell  Creek  canyon,  where  there  are 
two  beds  of  massive  silicious  limestone  in  the  upper  series.  In  Beartrap 
canyon  (due  west  of  Mayoworth)  and  the  ridges  southwest  the  formation 
shows  rapid  decrease  in  thickness,  and  finally  it  thins  out  southeast  of 
Bigtrails,  where  the  Madison  limestone  lies  directly  on  the  eroded  surfat'e 
of  the  Deadwood  formation.  In  an  outlying  knob  8  miles  southeast  of 
Bigtrails  the  limestone  is  25  feet  thick  and  separated  from  the  Deadwood 
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Figure  I. — Tyimcai.  Clivks  ok  massive  Bkds  of  Biomorn  Lim»:stone 

On  east  slope  of  Bighorn  mountains,  west  of  BiiffHio,  WyominK.     Deadwood  shales  under  talus  in  slopes  to  left ; 

Madison  limestone  in  ridges  to  right 


FiGUKK  2.— RinoK  or  BiGnoiiN  Limkstoni: 

On  ea«t  slope  of  Bighorn  mountains,  west  of  Sheridan,  Wyoming.    Slopes  of  Deadwood  beds  to  left;  granite  on 

extreme  left ;  Madison  limestone  to  the  right 
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beds  by  a  few  feet  of  white  quartzitic  sandstone,  the  basal  member  of  the 
formation.  The  characteristic  massive  limestone,  with  silicious  network, 
reappears  in  the  Bridger  range  west  of  Deranch,  at  first  thin,  but  gradu- 
ally thickening  to  40  feet  on  branches  of  Buffalo  creek  southeast  of 
Thermopolis,  and  to  50  feet  or  more  in  the  upper  canyon  of  Bighorn  river. 

8TRATIQBAPHI0  RELATIONS 

The  Bighorn  formation  lies  unconforraably  between  Middle  Cambrian 
and  earlier  Carboniferous  beds  and  includes  near  its  upper  part  an  un- 
conformity representing  a  long  period  of  later  Ordovician  time.  These 
unconformities  present  no  perceptible  discordances  in  dips.  The  basal 
contacts,  especially  at  the  base  of  the  white  sandstone,  are  well  exposed, 
but  show  mainly  only  a  sharp  change  in  materials.  In  a  few  cases  there 
are  slight  local  irregularities  apparently  due  to  channeling.  The  subjacent 
beds  are  Deadwood  (Cambrian)  limestones,  but  none  of  this  material  is 
discernible  in  the  Bighorn  sandstone.  Where  the  sandstone  is  absent  and 
the  massive  Bighorn  limestone  overlaps  Deadwood  limestone  there  appears 
not  to  have  been  local  uplift  and  truncation  of  the  sandstone,  but  simply  a 
thinning  out  of  the  sandstone  against  the  margin  of  a  channel,  or  coast- 
line, which  is  overlapped  by  the  massive  limestone.  The  contact  between 
the  massive  limestone  and  the  overlying  thin  bedded  limestone  (E^ch- 
mond)  unfortunately  was  not  found  sufficiently  well  exposed  to  afiford 
information  as  to  the  precise  relations.  Judging  from  their  distribution, 
the  Bichmond  beds  lie  in  shallow  basins  on  an  eroded  surface  of  the 
massive  limestone.  The  Bighorn-Madison  contact  is  often  exposed,  but, 
although  the  hiatus  represents  all  of  Silurian  and  Devonian  time,  neither 
channeling  nor  fragmental  products  were  observed,  and  usually  it  is  not 
possible  to  discern  the  plane  of  contact.  In  a  few  places  there  appears  to 
be  a  sudden  change  from  one  limestone  to  another,  especially  where  the 
basal  Madison  beds  are  darker  gray  and  slightly  sandy. 

The  disappearance  of  the  Bighorn  formation  to  the  southeast  was  ex- 
amined with  care,  and,  while  there  is  some  thinning  of  all  the  strata,  the 
principal  diminution  of  thickness  clearly  is  due  to  erosion  from  the  top 
down.  Even  in  this  part  of  the  region  neither  discordance  of  dip  nor 
channeling  of  the  surface  of  the  Bighorn  limestone  was  perceptible,  and 
there  was  no  evidence  of  fragmental  products  in  the  overlying  Madison 
limestone.  It  was  seen,  however,  that  at  first  the  top  bed  of  the  massive 
Bighorn  limestone  was  rapidly  diminishing  in  thickness,  and  after  it  was 
gone  the  next  thick  stratum  became  thinner  and  thinner,  and  finally 
ended,  so  that  Madison  limestone  came  down  onto  Deadwood  upper  lime- 
,  as  shown  in  plate  76.    The  basal  Bighorn  sandstone  thinned 
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out  before  the  ending  of  the  massive  limestone.  In  the  southward  con- 
tinuation of  this  increased  unconformity  it  was  found  that  finally  in 
the  vicinity  of  the  heads  of  branches  of  Buffalo  creek  west  of  Houck  the 
Deadwood  limestones  are  eroded  off  and  for  a  short  distance  the  Madison 
limestone  lies  on  the  Deadwood  shales.  The  supposed  relations  are  shown 
in  figure  2.  Farther  west  in  the  Bridger  range  the  Ordovician  limestone 
comes  in  again,  presenting  relations  similar  to  those  in  the  Bighorn 
moimtains,  but  without  the  basal  sandstone  so  far  as  observed.  Probably 
the  Bighorn  formation  originally  extended  over  the  portion  of  this  eroded 
area  now  included  in  the  Bighorn  Mountain  uplift,  and  its  present 
absence  here  is  entirely  due  to  erosion.  The  overlap  apparently  is  due  to 
locally  increased  uplift  in  post-Ordovician  times  at  the  north  end  of  an 
anticline  which  involved  the  southeast  comer  of  the  Bighorn  mountains 
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Figure  2. — Ideal  Section  showing  stratigraphic  Relations  in  southern  Part  of  Bighorn 

Mountains. 

and  probably  extended  from  the  Laramie  range.    The  original  position 
of  the  shoreline  of  the  Bighorn  limestone  to  the  south  is  not  known. 

INVERTEBRATE  F088IL8 

The  greater  part  of  tlie  Bighorn  limestone  yields  but  few  fossils.  Frag- 
ments of  maclurinas  and  corals  appear  occasionally  in  the  lower  massive 
beds,  and,  as  above  staod,  some  beds  of  limestone  near  the  base  of  the  upper 
series  contain  corals  in  most  localities.  The  principal  species  is  a  variety 
of  Halysiies  catenulatus  (gracilis),  or  chain  coral,  which  often  occurs  in 
large  numbers.  The  locality  at  which  fossils  were  observed  to  be  most 
abundant  in  the  lower  limestone  member  is  on  the  top  of  Medicine  moun- 
tain, a  high  peak  5  miles  northwest  of  Bald  moimtain,  in  beds  about  100 
feet  above  the  base  of  the  formation.  The  following  forms  from  this  place 
were  determined  by  Mr  E.  O.'Ulrich:  Streptelasma  sp.  undet.,  Protarea 
n.  sp.  (massive),  Plectorthis  plicatella  f,  Dinorthis  pectinella  ?,  D. 
stibqvadrata  f,  RhyncJwtrema  capax  f  var.,  Oxy discus  sp.  undet.,  Liospira, 
sp.  undet.,  Trorhonema  sp.  undet.  (near  T.  rohbinsi),  Holopea  excelsa  f, 
and  Huronia  sp.  undet.,  a  lower  Galena-Trenton  fauna,  as  nearly  as  can 
be  ascertained. 
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EXPOSURE  OF  MADISON  LIMESTONE  ON  DEADWOOD  FLAGGY  LIMESTONE 

On   I>fep  creek,  7  miles  aoutheii.Ht  of  No  Wood,  Wyoming,  in  Hoiithwestern  portion  of  Bighorn  moinuaiDs 

The  man's  liand  is  on  the  contact 
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From  the  upper  beds  of  the  formation,  at  a  point  about  5  miles  east  of 
Bald  mountain,  the  following  fossils  were  collected :  Streptelasma  n.  sp. 
(with  trilobate  calyx),  Calapcecia  sp.  undet.,  Favosites  sp.  undet.,  Stromor 
tocerium  f  n.  sp.,  Dalmanellatestudinaria  var.,  Leptssna  unicostata,  and 
Rhynchotrema  capax.  These  were  determined  by  Mr  E.  0.  TJlrich,  who 
regards  them  as  of  Bichmond  age. 

Near  the  divide  at  the  head  of  Cedar  creek  the  upper  member  of  the 
formation  was  found  to  be  about  160  feet  thick,  and  in  the  upper  beds  of 
this  member  the  following  forms  were  found :  Leptcena  unicostata,  Siro- 
phomena  fluctuosa,  Dinorthis  svbquadrata  (coarsely  striated  form),  Rhyn- 
chotrema capax.  In  the  middle  beds  are  Haly sites  gracilis  (abundant), 
Streptelasma  sp.  undet.,  Diplotrypa  westoni,  Dalmanella  testudinaria  var. 
(Z>.  meekif  W.  &  S.),  and  Zygospira  n.  sp.  (without  radial  plications). 
In  the  lower  beds  of  the  upper  member,  a  short  distance  above  the  top 
of  the  thick  massive  limestone  member  of  the  formation,  were  the  follow- 
ing fossils:  Streptelasma  n.  sp.  (with  trilobate  calyx),  Dalmanella  tes- 
tudinaria var.,  Rhynchotrema  increhescens  f,  Trochonema  umbilicata  f, 
Trochonema  sp.  undet.,  and  Cyrtoceras  sp.  undet.  (near  C.  lysander). 
All  these  forms  are  of  Bichmond  age. 

A  complete  section  of  the  Bighorn  limestone  is  well  exposed  in  Wolf 
Creek  canyon.  Lying  on  the  basal  sandstone  are  about  200  feet  of  massive, 
cream-colored,  silicious  limestone,  typical  of  the  lower  portion  of  the 
formation.  This  is  overlain  by  the  top  member  of  purer,  softer  limestones 
in  part  very  fine  grained  and  yielding  Rhinidictya,  Dicranopora  near 
fragUis,  Ptilotrypa  obliquata,  Pachy dicta  sp.  undet.,  Primitia  sp.  undet., 
and  numerous  corals,  a  fauna  of  approximate  Bichmond  age.  On  Big 
Goose  creek  similar  rocks  are  found,  160  feet  of  massive  limestone  lying 
on  the  basal  sandstone  and  containing  only  a  few  maclurinas  and  coral 
fragments.  This  is  overlain  by  the  top  member,  comprising  10  feet  of 
fine  grained  cream-colored  limestone,  42  feet  of  massive,  hard,  light 
cream-colored  limestone,  in  part  sandy  and  with  small  calcite  geodes,  4 
feet  of  coarse  grained  limestone  filled  with  corals,  including  Halysites 
gracilis  (small-meshed  form)  and  Columnaria  thomii  Hall  (like  C. 
alveolata  Goldfuss,  but  with  separate  corallites),  6  feet  of  sandy  and  pure 
limestone  layers  alternating,  and  40  feet  of  limestone,  mostly  soft,  slabby, 
and  fine  grained.  Next  above  are  135  feet  of  massive  cream-colored  lime- 
stones, cherty  in  lower  part,  belonging  entirely  or  in  greater  part  to  the 
Madison  limestone,  but  containing  only  a  few  indeterminate  coral  frag- 
ments. 

On  South  fork  of  Bock  creek,  12  miles  northwest  of  Buffalo,  large  num- 
bers of  fossils  are  weathered  out  of  the  reddish  clay,  due  to  the  weathering 
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of  the  uppermost  limestone  beds  of  the  Bighorn  formation.  The  fossils 
obtained  at  this  locality,  as  determined  by  Mr  E.  0.  Ulrich,  are  as  fol- 
lows: 

Strepteliuma  rusticum  Billings.  Sirophomena  n.  sp.  (between  8,  neo- 
Btreptelastna     cf.     rohustum     Whit-         lecta  And  S.  planodorsata). 

eayes.  Dalmanella     meeki     Winchell     and 
Streptelaama  n.  sp.    (with  trilobate  Schnchert  (?  Miller). 

calyx).  Dalmanella  iersa  Sardeson. 

Lindstromia  n.  sp.  Dinorihis  n.  sp.  (distinguished  from 
FavoHtes  asper  D'Orbigny.  D,  auhquadrata  by  its  coarse  ribs) 

Prohoacina    (near  Frondosa,  NIchol-  HalL 

son).  PlectorthU  whitfleldi  Winchell  (small 
Monotrypella  quadrata  Rominger.  yariety). 

Batoatoma  manitobenae  Ulrlch.  Rhunchoirema  per  lamelloaa  Whit- 
Bythopora  atriata  Ulrieh.  field. 

Ldoclemella  sp.  undet  Rhjfnchotrema  n.  var.  of  increbeaoena 
Rhinidictya  sp.  noT.  Hall. 

"i  Oaniotrifpa  lateralia  Ulrieh.  Lophoapira  (cast) -Eip.  nndet. 

Sceptropora  facula  Ulrieh.  Cylora  depreaaa  ?  Ulrieh. 

Flectambonitea  n.  var.  or  sp.    (near  EurychUina  manitobenaia  Ulrlch. 

aericea),  Primitia  lativia  Ulrieh. 

Leptfjdna  nitena  Billings  Schmidtella  sp.  undet 

From  extensive  exposures  of  the  top  member  of  the  Bighorn  limestone 
near  the  head  of  Ijee  creek,  14  miles  east-northeast  of  Tensleep,  Mr 
Ulrieh  obtained  the  following  species:  Halysites  gracilis,  Columnaria 
dlveolata,  C.  halli  var.,  and  Calapoecia  resembling  huronensis  and  anticos- 
tiensis,  an  association  regarded  as  Richmond.  At  a  horizon  6  feet  lower 
the  following  species  were  collected :  Streptelasma  rusticum,  Leptcena  cf. 
nitens,  Rhynchonella  f  argenturbica  f,  Liospira  cf.  micula,  Lophospira 
acuminata,  Helicotoma  cf.  marginata,  and  a  small  Straparollus-like  shell, 
a  Richmond  faunule.  About  60  feet  lower  in  the  same  vicinity  there  was 
found  in  the  massive  limestone  member  a  Platyatrophia  of  new  species, 
but  believed  to  be  the  same  as  one  found  in  the  Trenton  limestone  of 
Tennessee. 

OOOURRBNOB  OF  THE  FISH  REMAINS 

The  fossil  fish  were  discovered  in  the  basal  sandstone  of  the  Bighorn 
mountains,  in  August,  1905,  at  various  points  in  the  south-central  portion 
of  the  uplift.  They  were  first  observed  in  outlying  buttes  on  the  head  of 
the  main  or  south  prong  of  Red  fork  of  Powder  river,  23  miles  slightly 
south  of  west  of  Mayoworth  post-oflSce,  in  the  southern  portion  of  Johnson 
county,  near  the  line  of  Bighorn  county.    This  locality  is  near  the  crest  of 
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the  Bighorn  mountams.  They  were  also  found  to  occur  at  frequent  in- 
tervals southward  for  the  next  7  miles  to  the  southern  margin  of  the  Big- 
horn formation,  which  is  on  the  headwaters  of  another  branch  of  Powder 
river,  15  miles  northwest  of  Bamum  post-oflRce,  in  the  southeastern  por- 
tion of  Bighorn  county. 

The  relations  at  the  locality  first  mentioned  above  are  shown  in  the 
following  section : 


S 


TlTV    MADISON     LIME.STONE: 
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.BIGHORN    LIMESTONE 

BEARING   SANDSTONE 


^OWOOD      FORMATION 


FiODRB  3. — Cross-section  of  Butte  near  Summit  of  Bighorn  Mountains,. tS  Miles  West  of 

Mayotcorth,  Wyoming. 

The  sandstone  at  this  locality  is  from  6  to  8  feet  thick,  and  it  outcrops 
frequently.  It  is  moderately  coarse  grained,  varies  from  hard  to  soft,  is 
massive,  and  ih  part  shows  considerable  cross-bedding.  Its  color  varies 
from  dirty  buff  to  light  gray,  and  many  of  the  weathered  portions  are 
brownish.  Some  portions  appear  oolitic,  owing  to  concretionary  growth  of 
the  sand  grains.  The  contacts  above  and  below  are  sharp,  but  with  no 
marked  evidence  of  unconformity.  The  underlying  beds  are  Deadwood 
limestones  and  shales,  the  former  containing  flat  pebble  conglomerate  of 
intraformational  type.  A  short  distance  below  the  contact  fossils  occur, 
consisting  mainly  of  Dicellamus  politus  in  large  numbers  and  a  few 
trilobite  fragments,  apparently  Piychoparia  owenii,  which  are  characteris- 
tic of  the  Middle  Cambrian.  The  overl3dng  massive  limestone  is  typical 
Bighorn  limestone,  containing  occasional  maclurinas  and  corals.  There 
can  be  no  question  as  to  the  stratigraphic  position  of  the  fish-bearing  sand- 
stone below  this  limestone,  for  the  superposition  is  plainly  exposed  here 
as  well  as  at  many  localities  northward.  The  Bighorn  limestone  is  here 
only  about  40  feet  thick,  or  one-eighth  its  thickness  in  its  maximum  de- 
velopment in  the  northern  portion  of  the  Bighorn  uplift.  As  explained 
above,  the  diminished  thickness  apparently  is  due  somewhat  to  thinning 
of  the  original  deposit,  but  mainly  to  the  absence  of  the  upper  portion 
removed  by  erosion  prior  to  Carboniferous  time.    The  overlying  Madison 
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limestone  of  Lower  Carboniferous  age  lies  unconformable  upon  it,  but 
without  any  marked  erosional  features. 

AGS  OF  BIGHORN  FOBMATIOy 

The  paleontological  evidence,  as  above  presented,  indicates  that  the 
massive  limestone  constituting  the  greater  part  of  the  Bighorn  limestone 
is  of  Trenton  age,  but  it  probably  represents  only  the  earlier  part  of  the 
Trenton  limestone  of  other  regions.  The  fish-bearing  sandstone  is  cor- 
related with  the  Harding  sandstone  of  Colorado,  which,  as  will  be  shown 
later,  is  believed  to  represent  the  Black  Eiver  limestone,  so  that  it  is  in 
practically  conformable  succession  with  the  massive  limestone.  The  upper 
limestone  member  of  the  Bighorn  formation,  apparently  not  everywhere 
present,  is  of  Richmond  age  or  separated  from  the  massive  limestone  by  a 
hiatus  representing  later  Trenton,  TJtica,  Eden,  and  Lorraine  time,  and 
perhaps  also  the  earliest  part  of  Richmond  time.  According  to  present 
ideas  the  later  Richmond  represents  the  last  of  Ordovician  time,  so  that 
the  hiatus  above  the  Bighorn  limestone  when  the  Richmond  representative 
is  present  is  equivalent  to  Silurian  and  Devonian  times.  The  unconform- 
ity between  the  Bighorn  and  Deadwood  formations  represents  the  Upper 
Cambrian  and  a  long  period  of  early  Ordovician,  comprising  Beekman- 
town.  Lower  Magnesian,  and  Saint  Peters. 

Ordovician  in  Owl  Creek  Mountains 

The  Bighorn  limestone,  which  is  so  conspicuous  in  the  northern  portion 
of  the  Bighorn  uplift,  appears  extensively  in  the  Owl  Creek  mountainB, 
but  with  diminished  thickness.  Near  the  canyon  of  Bighorn  river,  which 
is  at  the  east  end  of  the  range,  the  thickness  is  only  40  feet,  but  in  the 
vicinity  of  Phlox  mountain,  30  miles  west,  and  Owl  Creek  canyon  it  is 
over  150  feet  thick,  and  in  the  vicinity  of  Crow  creek,  at  the  south  end  of 
Shoshone  mountains,  it  is  about  100  feet.  The  formation  outcrops  con- 
tinuously around  the  higher  central  area  of  the  Owl  Creek  uplift  and  west- 
ward along  the  South  fork  of  Owl  creek  to  a  point  3  miles  west  of  longi* 
tude  109  degrees.  It  outcrops  again  on  the  slopes  adjoining  the  Crow 
Creek  canyon  and  the  upper  portion  of  West  fork  of  Muddy  creek  and  in 
Bighorn  canyon.  The  most  prominent  exposures  are  in  the  great  south 
and  west  facing  escarpment  of  Phlox  mountain,  where  its  cliflfs  are  nearly 
150  feet  high. 

The  formation  consists  almost  entirely  of  a  massive  limestone,  usuallj 
of  light  buff  color,  somewhat  darker  when  weathered,  filled  with  a  coarse 
mat  or  network  of  irregular  silicious  masses,  mostly  from  one-half  to  1 
inch  in  diameter.     On  weathering,  this  silicious  material  stands  out  a 
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FkiUrk  1. — Weatiikked  Bighorn  Limestone  showino  chaiiaci'eristic  Nktwouk  ok  Simca 
The  area  in  view  is  about  4  by  5  feet.     Photograph  by  C.  D.  Walcott 
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F'lousE  2. — BiQHouN  Limestone  in  Canyon  or  Owi,  Crekk,  near  Longitude  U>9° 

View  i8  taken  looking  down  the  canyon.    The  lime^done  constitutes  the  high  cliff  on  the  right. 
The  smaller  cliffs  are  Madison  limestone 
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half-inch  or  more  on  the  rock  surface  as  a  ragged  network,  the  purer  rock 
between  having  been  dissolved.  This  feature  and  the  very  massive  bedding 
are  as  characteristic  here  as  in  the  Bighorn  mountains.  In  the  canyons 
the  formation  gives  rise  to  steep  walls,  presenting  almost  continuous  out- 
crops of  the  formation,  a  feature  strikingly  exhibited  in  Owl  Creek  canyon 
as  shown  in  figure  2,  plate  76.  Here  the  massive  limestone  is  overlain  by 
20  feet  of  white,  broken  limestone  capped  by  a  20-foot  massive  bed  similar 
to  the  thick  limestone  below.  At  the  top  of  the  formation  there  are  a  few 
feet  of  sandstone  and  shale,  which  are  directly  overlain  by  Madison  lime- 
stone. In  places  the  upper  beds  weather  to  a  reddish  tint,  strongly  sug- 
gestive of  the  member  of  Richmond  age,  which  occurs  in  the  northern 
portion  of  the  Bighorn  uplift.  In  figure  1,  plate  77,  is  shown  the  basal 
contact  of  the  massive  limestone  with  the  Deadwood  shales,  the  top  Dead- 
wood  limestone  being  absent. 

Very  few  fossils  were  found  in  the  Bighorn  limestone  in  the  Owl  Creek 
mountains,  and  these  were  fragments  of  maclurinas  and  corals  similar  to 
those  in  the  Bighorn  mountains. 

Ordovician  in  Northwest  Wyoming  and  Montana 

West  of  the  Bighorn  basin  lie  the  Absaroka  and  Shoshone  mountains, 
consisting  of  Tertiary  rocks,  mainly  igneous,  which  cover  the  older  forma- 
tions. In  an  outlying  range  known  as  Cedar  and  Rattlesnake  mountains, 
west  of  Cody,  the  lower  Paleozoics  appear  and  the  Bighorn  limestone  is 
present.  It  has  been  studied  by  Mr  C.  A.  Fisher,*  who  states  that  the 
thickness  is  150  feet  and  the  formation  presents  its  usual  character  and 
stratigraphic  relations,  excepting  that  the  reticulating  network  of  silica 
on  the  weathered  surface  of  the  rock  are  less  pronounced  than  in  the  Big- 
horn mountains.  The  upper  portion  of  the  formation  consists  of  thin 
bedded  limestone  not  sharply  separable  from  the  overlying  Madison  lime- 
stone. Outcrops  occur  in  canyons  of  the  Shoshone  river,  Clark  fork,  and 
Pat  O'Harra,  Little  Rocky,  Bennett,  and  Line  creeks. 

On  the  east  slopes  of  the  north  end  of  the  Absaroka  range  there  is  an 
extensive  development  of  Paleozoic  rocks,  which  has  been  described  by  Mr 
Arnold  Hague  in  the  Absaroka  folia. f  On  the  Cambrian  (Gallatin  lime- 
stone) lies  the  Jefferson  limestone,  which  is  classed  as  Silurian,  but  no 
satisfactory  paleontologic  evidence  of  its  age  was  obtained.  From  the 
descriptions  given  in  the  folio  this  limestone  appears  not  to  closely  re- 
semble the  Bighorn  limestone  exposed  lower  down  Clark  fork  and  in 

*  C.  A.  Fisher :  Geology  and  water  resources  of  the  Bighorn  basin,  U.  S.  Geol.  Surrey, 
Professional  paper  no.  53. 

t  U.  S.  Geol.  Surrey,  Geologic  atlas  of  the  United  States,  folio  no.  62,  1809. 
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Shoshone  canyon  30  to  35  miles  east  and  south.  Another  dissimilar 
feature  in  the  section  also  is  the  presence  of  an  overhing  limestone 
(Three  forks)  containing  Devonian  fossils.  The  Jefferson  limestone  ex- 
tends along  the  various  ranges  of  the  Rocky  mountains  in  central  Mon* 
tana,  lying  between  the  well  defined  Middle  Cambrian  limestone  and 
Devonian  limestone  or  shales  (Three  forks)  and  having  a  thickness  of 
from  150  to  300  feet.  Its  color  is  dark,  the  bedding  mostly  massive,  con- 
stitution a  dolomite,  and  the  lower  beds  give  rise  to  a  prominent  ledge  or 
cliff.  In  the  Absaroka  range,  as  described  in  the  folio  above  cited,  a  few 
poorly  preserved  fossils  were  found  in  the  lower  beds  of  the  Jefferson 
limestone,  but  they  appeared  to  be  species  which  "might  occur  high  in  the 
Cambrian  or  near  the  base  of  the  Silurian  (Ordovician).  In  the  same 
way,  at  other  localities,  the  species  procured  from  near  the  summit  of  the 
terrane  are  such  as  possess  a  wide  vertical  range  and  might  be  found  as 
low  as  the  Silurian,  but  at  the  same  time  are  known  to  occur  elsewhere 
with  typical  Devonian  species."  It  has  been  suggested  that  the  Jefferson 
limestone  may  comprise  a  continuous  series  of  sediments  from  Cambrian 
to  Middle  Devonian  in  age,  but  in  the  absence  of  positive  paleontologic 
evidence  its  stratigraphic  range  can  only  be  surmised.  Perhaps  a  close 
examination  will  reveal  unconformities  representing  long  time  intervals. 
However,  it  is  possible  or  even  probable  that  the  Jefferson  limestone  in- 
cludes the  Bighorn  limestone  in  whole  or  in  part,  and  Ordovician  fossils 
will  be  found  in  it  in  some  portions  of  Montana.* 

Ordoviciax  in  Western  Wyoming 

During  the  examination  of  the  Owl  Creek  Mountain  region  a  few 
observations  were  made  on  the  east  slope  of  the  Wind  River  range,  where 
the  Bighorn  limestone  was  seen  occupying  its  usual  position  between 
Deadwood  and  ^ladison  formations.  No  detailed  study  was  made  nor 
fossils  obtained,  but  the  limestone  is  200  feet  thick  and  presents  its  usual 
cliaracteristics.f     Undoubtedly   it   is  the  same   limestone  that   yielded 


*  Descriptions  of  the  Jefferson  limestone  are  f^iven  in  U.  S.  Geol.  Survey  folios  1.  24, 
30,  52,  and  56;  Bulletins  no.  110,  pp.  25-29,  and  no.  130,  pp.  37-38;  Eigtiteenth  Annual 
Report,  part  ill.  pp.  468-470,  and  Twentieth  Annual  Report,  part  lii,  pp.  287-289. 

t  In  a  preliminary  exnmlnation  of  the  Wind  River  range  in  1906,  I  found  the  massiTe 
siliclous  limestone  member  of  the  Bighorn  formation  west  of  Lander  about  100  feet  thick 
and  underlain  by  a  thin  bed  of  sandstone,  partly  calcareous,  which  contains  large  num- 
bers of  fossils.    These  have  l>€en  determined  as  follows  by  Mr  E.  O.  Ulrich : 

Neceptaculitea  otceni.  Hall;  Strcplelasma  ct.  profundum,  Conrad,  and  comiculum. 
Hall ;  Ramose  bryozoan,  agreeing  in  general  aspect  with  Callopora  multitalmlata,  Ulrich ; 
Plectamhoniies  aerUeus  var. ;  Dalmanella  testudinaria  var. ;  Strophomena  n.  ap.  nc«r 
S.  auk-ata,  Verneuil,  and  S.  fluctuosa,  Billings;  Clenodonta  cf.  levata.  Hall;  Cifrtodonta 
cf.  rotiilata,  Ulrich ;  Pailoconcha  u.  sp. ;  Archinacella  cf.  A,  deleta  (Sardeson)  and  A. 
Bubrotunda,  Ulrich ;  Prototoarthia  cf.  cancellata   (Hall)  ;  Lopho»pira  near  L,  •l#valo. 
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Halysites  catenulatus  to  Comstock  in  1873,*  for  its  features  and  relations 
accord  with  the  descriptions.  A  thickness  of  150  feet  was  reported  west 
of  Camp  Brown.  Professor  Comstock,  however,  classified  the  formation 
as  Niagara  on  the  old  supposition  that  the  Halysites  was  characteristic 
of  that  age.  Some  observations  as  to  the  extent  of  this  formation  in  the 
Wind  Eiver  range  and  some  other  ranges  west  and  northwest  were  made 
by  Professor  St.  John,  of  the  Hayden  survey,  f  In  the  Teton  region  the 
same  formation  is  described  by  this  observer  (page  480,  Eleventh  Report) 
as  follows : 

"Niagara:  Heavy  bedded,  buff,  magneslan  limestone,  usually  weathering  In 
castellated  exi)osure8  400  feet  and  less  to  600  feet.  In  the  southwest  occurs 
a  local  development  of  light  colored,  rough  weathered  quartzitic  sandstone  50 
feet  or  more  in  thickness,  apparently  occupying  the  place  of  the  dolomite  lime- 
stone. Also  local  developments  of  drab  shales,  100  feet  more  or  less,  occur  in 
this  horizon." 

On  the  map  of  "Part  of  central  Wyoming"  in  the  atlas  to  the  Twelfth 
Hayden  Report  the  formation  is  included  in  beds  designated  "Calciferous 
series/'  which  ends  near  the  southeastern  termination  of  the  Wind  River 
range  at  a  point  about  4  miles  north  of  Sweetwater  river. 

Obdovician  in  the  Black  Hills  Uplift 

The  Ordovician  is  represented  in  the  Black  Hills  uplift  by  a  formation 
known  as  the  Whitewood  limestone.  This  has  a  thickness  of  80  feet  in 
the  vicinity  of  Deadwood,  in  the  northern  Black  hills,  but  it  thins  rapidly 
to  the  southward  and  disappears  near  Elk  creek  on  the  east  side  and  at  the 
head  of  Rapid  creek  on  the  west  side  of  the  hills.  The  rock  is  hard,  mass- 
ive, somewhat  silicious,  and  ordinarily  of  buff  color  with  brownish  spots 
or  mottlings.  It  contains  large  Endoceras,  Maclureas,  and  corals  of  Tren- 
ton age.  It  appears  prominently  in  the  Xigger  Hill  and  Bear  Lodge 
uplifts,  with  a  thickness  averaging  60  feet.  The  manner  in  which  the 
formation  thins  out  in  the  middle  and  southern  portions  of  the  Black 


Ulrlcb ;  Trochonema  umbilicatum.  Hall ;  Hyolithus  cf.  haconi,  Whitfield ;  Chiton  cana- 
densis, BlUlD^B ;  Orthoceras  near  O.  Olvnia,  Ilall,  and  O.  nicolletti,  Clarke ;  Actinoceras 
cf.  remotiaeptum,  Clarke  (septa  less  distant). 

Mr  Ulrich  regards  this  fauna  as  of  late  Black  River  or  early  Trenton  age,  indicating 
equivalency  with  the  basal  sandstone  of  the  Bighorn  formation  in  the  Bighorn  mountains 
and  with   the  Harding  sandstone  near  Canyon   City,   Colorado. 

*  Report  upon  the  Reconnaissance  of  Northwestern  Wyoming,  made  in  the  summer  of 
1873,  by  William  A.  Jones  (War  Department),  43d  Congress,  Ist  Session,  H.  R.,  Ex. 
Doc.   285,   Washington,   1874,   p.   112. 

t  Twelfth  Annual  Report  of  the  U.  8.  Geol.  and  Geog.  Survey  of  the  Territories  for 
1878,  part  1,  Washington,  1883,  pp.  173-260.  and  Eleventh  Report  of  the  U.  S.  Geol.  and 
Geog.  Survey  of  the  Territories  for  1877,  Washington,  1879,  pp.  325-508. 
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Hills  uplift  has  not  been  ascertained.  Possibly  there  is  a  general  thinning 
of  all  the  strata,  but  it  is  probable  that  there  is  simply  a  beveling  off  by 
pre-Carboniferous  erosion,  so  that  the  lowest  layer  extends  farthest  south. 
Whether  the  formation  was  originally  deposited  in  the  southern  Black 
Hills  region  and  subsequently  removed  by  erosion  or  whether  its  absence 
is  wholly  due  to  non-deposition  is  not  ascertained.  In  its  upper  and  lower 
contacts  the  only  evidence  of  unconformity  which  the  formation  presents 
is  the  abrupt  change  of  materials.  In  the  Deadwood  region  there  is,  at  its 
top,  a  small  thickness  jof  greenish  shales  in  which  no  fossils  have  been 
found.  These  shales  give  place  abruptly  to  the  basal  limestone  (Engle- 
wood  formation)  of  the  Pennsylvania  division  of  the  Carboniferous  (see 
figure  2,  plate  77).  The  Whitewood  limestone  lies  unconformably  on  the 
Middle  Cambrian,  overlapping  to  the  south  and  west  onto  lower  beds  than 
those  on  which  it  lies  near  Deadwood. 

Absence  of  Ordovician  in  Laramie  Mountains 

No  evidence  of  the  existence  of  Ordovician  rocks  is  presented  in  any 
portion  of  the  Laramie  mountains,  including  also  the  Casper  and  as- 
sociated ranges.  There  are  frequent  exposures  in  which  Carboniferous 
rocks  lie  directly  on  the  granites  and  schists,  although  in  the  northern 
portion  of  the  district  there  is  an  intervening  sandstone  which  may  be 
either  Carboniferous,  Cambrian,  or  even  Ordovician.  No  fossils  were 
found,  but  from  its  character  and  relations  it  is  supposed  to  be  Carbon- 
iferous, probably  Pennsylvanian. 

Absence  of  Ordovician  in  Hartvillb  Uplift 

In  the  Hartville  uplift  lying  between  the  Laramie  range  and  the  Black 
hills  the  limestones  of  the  Mississippian  division  of  the  Carboniferous  lie 
on  Algonkian  rocks,  and  Ordovician,  as  well  as  Silurian,  Devonian,  and 
Cambrian,  are  absent. 

Ordovician  in  Eastern  Colorado 

general  extent  and  relations 

Along  the  east  slope  of  the  Rocky  mountains  there  is  a  nearly  general 
overlap  of  Upper  Carboniferous  deposits  onto  the  pre-Cambrian  rocks, 
but  a  few  small  areas  of  earlier  Paleozoic  rocks  appear.  These  areas  are  in 
the  embayments  west  of  Colorado  Springs,  west  and  north  of  Canyon  City, 
and  in  Perry  park.  The  Ordovician  rocks  exposed  consist  of  limestones 
and  sandstones  usually  lying  on  a  thin  mass  of  Cambrian  sandstone,  or 
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Figure  1. — Bioiiorn  Limkstone  on  Dkadwood  Shale,  Owi-  Crkek  Canyox,  2  Milks  West  of  Losu.  \v^ 
Upper  half  of  »<*ctlon  is  Ma«li.«on  liruestoiie.    .South  end  Shoshone  motintHins  in  di>tHnce  to  right 


FiGUBK  2.— Whitkwood  IjImksti>xk  in  Qi'AKRV  ON  Whiikwood  Ckeek,  2  Miles  Nobth  of  Dradvoou 

All  bolow  the  w  i«  Wliiiewood  liin«Mtone,  al»ovo  whifh  are  j^rtien   shales  «nd  then  Parhasup*  (ca.r- 
boniferous)  limestone.     Photograph  by  T.  A.  Jaggar,  Jr. 
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Khjure  1.— Okpovician  Rocka  on  East  Slopk  or  Rocky  Mountains  Northwest  of  Canyon  City,  Colorado 

rnnite  to  left,  Harding  sandstoue  in  quarry,  slopes  of  Fremont  I! 
limestone,  and  Red  beds  to  right.    Photograph  by  C.  f).  Walcott 


Looking  north,    (tranite  to  left,  Harding  sandstone  in  quarry,  slopes  of  Fremont  limestone,  Millsap 

•-'''■''—  »h  by  ~    ' 


FiouRK  2. — Harding  Sandstone  lying  on  Gnkiss  West  or  Canyon  City,  Colorado 

The  man's  feet  are  on  the  contact.    Photograph  by  C.  D.  Walcott 

EXPOSURES  OF  ORDOVICIAN  ROCKS  AND  HARDING  LIMESTONE 
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quartzite^  and  sometimes  they  overlap  on  the  granite  and  gneiss.  The 
overlying  formation^  separated  by  unconformity  generally^  is  the  Millsap 
limestone  of  Lower  Mississippian  age. 

In  the  region  about  Canyon  City  the  Ordovician  is  represented  by  the 
Manitou  limestone,  Harding  sandstone^  and  Fremont  limestone.  These 
have  been  described  in  detail  by  Mr  C.  D.  Walcott*  mainly  in  connection 
with  the  occurrence  of  fish  remains,  and  by  Dr  Whitman  Cross  in 
describing  the  region  northeast  of  Canyon  City  which  is  included  in  the 
Pikes  Peak  folio.  I  have  made  a  detailed  examination  of  the  outcrops 
west  and  southwest  of  Canyon  City. 

MANITOU  LIMBBTONB 

This,  limestone  is  extensively  exhibited  in  Oil  Creek  valley.  Garden 
park,  a  few  miles  north  of  Canyon  Cily,  where  it  consists  of  fine  grained 
pink  or  reddish  dolomite  less  than  100  feet  thick.  It  also  occurs  in  the 
Manitou  region,  where  it  contains  Ophileta,  Camerella,  and  other  char- 
acteristic Ordovician  fossils.  It  often  is  underlain  by  cherty,  reddish 
limestone  and  sandy  beds  containing  Cambrian  fossils. 

HABDINQ  BAJfDSTONB 

This  formation  consists  mainly  of  fine,  even  grained,  granular  sand- 
stone in  alternating  bands  of  light-gray  and  pinkish  or  variegated  colors, 
with  a  few  bands  of  dark-red  or  purplish  sandy  shale,  having  a  maximum 
thickness  of  about  100  feet.  The  lower  part  is  sometimes  calcareous  and 
develops  into  a  thin,  fine  grained  dolomite.  This  formation  contains  the  fish 
remains  at  the  Canyon  City  locality.  In  Garden  park  the  sandstone  rests 
with  apparent  conformity  on  the  Manitou  limestone,  but  to  the  southeast 
it  overlaps  on  the  basal  sandstone,  and  near  Canyon  City  on  the  gneiss, 
as  shown  in  figure  2,  plate  78.  At  Canyon  City  the  formation  is  86  feet 
thick,  and  consists  of  gray,  reddish,  and  purplish-brown  sandstone  and 
shales,  with  many  fossils  of  early  Trenton  age.  A  small  outlier  of  sand- 
stone, apparently  of  this  formation,  underlying  the  Millsap  (Carbon- 
iferous) limestones  in  the  slopes  west  of  Beulah,  is  mapped  by  Gilbert  in 
the  Pueblo  folio. 

FBBMONT  LIMBBTONB 

Overlying  "the  Harding  sandstone  with  apparent  conformity  there 
occurs  a  bluish-gray  or  pinkish  dolomite  of  uneven  grain,  sometimes 
arenaceous,  which  gives  rise  to  very  rough  weathered  surfaces.''     Its 

•  BnU.  OcoL  Soc  Am.,  toI.  8,  pih  168-167. 
£2— Bull.  Qiol.  Boc.  am.j  You  17,  1005 


N.  H.  DARTON — FISIt   REMAINS   IN   0RDOVICI;VN    ROCKS 


CZZZ2 


F7777\ 


Cretaceo-ua      Hed^eds    X.Cafbo3u£erous  Orfloviciaii     Granite  etc 


FiocBK  4. — Sketch  Map  ahawing  Distribution  of  Ordovician  Rocki  in  the  Can^fom  dtp 

Region,  Colorado. 

Partly  from  Pikes  Peak  folio,  by  W.  Cross. 
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thickness  in  Garden  park  is  about  100  feet,  but  increases  southward  to  a 
maximum  of  270  feet  near  Canyon  City,  partly  through  the  development 
of  an  upper  fossiliferous  member.  In  Garden  park  it  is  characterized 
especially  by  the  coral  Halysites  catenulatus,  and  also  contains  a  moUuscan 
fauna  like  that  of  the  Upper  Trenton  in  New  York.  It  appears  to  be 
restricted  to  a  small  area  in  Garden  park  and  vicinity  and  a  narrow  out- 
crop extending  southward  past  Canyon  City. 

These  formations  all  disappear  a  short  distance  southwest  of  Canyon 
City  by  overlap  of  later  deposits  and  faulting,  but  two  small  outlying 
areas  of  Harding  sandstone  overlain  by  Fremont  limestone  were  found, 
one  near  the  road  4  miles  southwest  of  Canyon  City  and  another  at  the 
foot  of  the  mountain  on  one  of  the  branches  of  Chandler  creek,  7  miles 
nearly  due  south  of  Canyon  City,  the  latter  containing  fish  remains. 

RELATIONS  IN  GARDEN  PARK  REGION 

The  Ordovician  limestones  and  sandstones  are  extensively  exposed  on 
the  west  side  of  Oil  creek,  north  of  Garden  park,  a  few  miles  north  of 
Canyon  City.  At  the  base  is  Manitou  limestone  with  a  basal  cherty  and 
quartzitic  portion  of  Cambrian  age  lying  on  the  granite  and  gneiss.  Next 
follows  the  Harding  sandstone,  surmounted  by  long  slopes  of  Fremont 
limestone.  So  far  as  observed,  this  sequence  is  general  for  an  extensive 
area  about  Garden  park.  In  portions  of  the  area  faults  cut  out  some,  or 
all,  of  the  beds.  On  the  granite  slopes  east  of  Oil  creek  numerous  small 
outliers  occur.  The  Manitou  limestone  is  here  100  feet  thick,  and  con- 
sists of  fine  grained  pink  or  reddish  dolomite  with  Ordovician  fossils. 
Cherty  limestone  at  the  base  yields  fragments  of  the  trilobite  Ptychoparia 
of  Cambrian  age.  The  Harding  limestone  consists  of  fine  and  even 
grained  saccharoidal  sandstone  in  alternating  beds  of  light-gray  or  pink- 
ish and  variegated  colors,  with  a  few  bands  of  dark-red  or  purplish  sandy 
shale.  The  maximum  thickness  is  about  100  feet.  The  lower  part  is 
sometimes  calcareous  and  locally  develops  into  a  thin,  fine  grained  dolo- 
mite. It  is  succeeded  with  apparent  conformity  by  the  Fremont  limestone, 
which  is  a  bluish  gray  or  pinkish  dolomite  of  uneven  grain,  sometimes 
sandy,  weathering  to  very  rough  surfaces.  Its  thickness  is  about  100  feet, 
-and  it  is  especially  characterized  by  the  occurrence  of  chain  coral  {Holy- 
sites  catenulatus),  which  often  occurs  in  masses  2  feet  in  diameter.  It 
also  contains  other  fossils  of  Upper  Trenton  age. 

The  Fremont  limestone  gives  rise  to  long  sloping  plateaus  on  the  west 
side  of  Oil  creek  north  of  Garden  park.  At  the  north  end  of  the  park  the 
Fremont  limestone  is  overlain  by  30  feet  of  Millsap  limestone  in  a  narrow 
outcrop  about  1%  miles  long. 
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Southeast  of  Garden  park  lie  Sixmile,  Eightmile^  and  Cemetery  parks, 
valleys  which  mark  the  eastward  and  northeastward  extension  of  the 
Fountain  Bed  beds  across  the  north  end  of  the  Front  Range  anticline* 
On  the  north  side  of  these  parks  are  slopes  of  Ordovician  limestones  and 
sandstones,  comprising  Manitou  and  Harding,  with  Fremont  as  far  east 
as  Bightmile  creek,  northeast  of  which  the  Fountain  formation  lies  di- 
rectly on  the  Harding  sandstone.  Outliers  of  Manitou  limestone  occur  at 
intervals  high  on  the  granite  slopes  north.  Three  miles  southwest  of 
Garden  park  is  Shaw  park,  underlain  by  a  zone  of  Fountain  Bed  Bed 
outcrops  which  extend  southward  to  Arkansas  river  west  of  Canyon  Ci^. 
On  the  west  side  of  this  zone  the  Ordovician  limestones  and  sandstones 
extend  far  up  the  mountain  slopes,  while  on  the  east  side  is  a  hogback  of 
Dakota  sandstone.  At  the  north  end  of  Shaw  park  there  is  a  prominent 
fault,  which  crosses  Wilson  creek  nearly  at  right  angles  and  brings  for- 
mations from  Ordovician  to  Cretaceous  into  contact  with  the  pre-Cam- 
brian  rocks. 

RELATIONS  WBBT  OP  CANTON  CITY 

In  the  mountain  slopes  and  hogback  west  of  Canyon  City  there  is  pre- 
sented the  southward  extension  of  the  formations  of  the  Garden  Park 
area.  The  formations  all  dip  steeply  to  the  eastward,  and  there  are 
numerous  exposures  of  all  the  beds.  The  high  mountain  range  west,  con- 
sisting of  granite  and  gneiss,  is  traversed  by  Arkansas  river  in  a  deep 
ridge  the  Ordovician  rocks  are  extensively  exhibited  (see  figure  1,  plate 
78).  -^  '"^'^t«iB^ 

On  the  mountain  road  4l^  miles  northwest  of  Canyon  City  the  Manitou 
limestone  lies  directly  on  the  granite.  It  is  10  feet  thick  and  contains 
bands  of  chert.  Next  above  is  characteristic  Harding  sandstone,  pink  and 
buff,  except  at  the  top,  where  there  is  a  characteristic  succession  of  red- 
dish shales.  The  Fremont  limestone  appears  with  its  usual  characteristics, 
and  apparently  also  the  Millsap  limestone,  although  no  Carboniferous 
fossils  were  observed  at  this  place.  The  upper  portion  of  the  Millsap 
limestone  presents  a  very  irregular  contact  with  conglomerate  beds  at  the 
base  of  the  Fountain  Red  beds.  In  the  vicinity  of  Harding^s  quarry,  2 
miles  northwest  of  Canyon  City,  the  Manitou  limestone  is  seen  to  have 
disappeared,  and  it  is  not  found  again  in  the  extension  of  the  beds  south- 
ward. The  following  detailed  section  in  this  vicinity  was  made  by  Mr 
C.  D.  Walcott:* 


*  C.  D.  Walcott :  Discovery  of  a  vertebrate  fauna  In  Ordovician  strmta.     BuU.  6«ol. 
Soc.   Am.,  vol.   3,  1892,   pp.   155-157. 
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Geologic  Section  of  Fremont  Limestone  and  Harding  Sandstone  near  Hard- 
ing's Quarry,  northwest  of  Canyon  City,  Colorado 

Fremont  limestone:  ^^^ 

Ck>mpact,  hard,  light-gray  limestone,  breaking  Into  angular  frag- 
ments, but  wltb  a  band  of  purple  and  gray  calcareo-arenaceous 

shale  at  the  base,  containing  a  large  Trenton  fauna 45 

Dark,  reddish-brown  sandstone 10 

Hard,  compact,  light  colored  limestone,  with  fossils 45 

Gray,  silicious,  magnesian  limestone,  somewhat  ferruginous  in  lower 
portion ;  weathers  locally  to  reddish  friable  rock,  except  that  near 
base  limestone  weathers  Into  rough  Irregular  cliffs  with  many 

caverns  and  holes ;  corals  and  other  fossils 170 

Red  and  purple  fine  grained,  argillaceous,  arenaceous  shale;  fish- 
plate fragments  (see  plate  79) 2-A 

Harding  sandstone: 

Goarse  purplish  sandstone  in  several  layers  with  gray  layers  above.        11 

Gray  and  buff  sandstone 7 

Fine  grained,  argillaceous,  arenaceous  shale 8 

Massive  gray  and  reddish  sandstone  with  thin.  Irregular  beds  of 
reddish-brown,  sandy  shale  In  lower  portion;  numerous  fish  re- 
mains         20 

Beddlsh-brown,  sandy  shales,  partly  calcareous  In  some  layers ;  fish 

plates  and  other  fossils  abundant 7 

Compact,  thinly  bedded,  reddish  and  gray  sandstone  passing  into  a 
gray  and  more  massively  bedded,  somewhat  friable,  sandstone 
that  changes  at  25  feet  up  into  a  purplish  tinted,  somewhat  coarse, 

friable  sandstone ;  dip  40  degrees 33 

CJoarse,  light-gray  sandstone 5 

Granite. 

Overlying  the  Preraont  limestone  are  15  to  30  feet  of  impure  variegated, 
banded  limestones,  with  interbedded  sandstones  and  argillaceous  beds 
containing  Mississippian  fossils.  The  unconformity  between  the  two 
limestones — a  hiatus  representing  Silurian  and  Devonian  time — is  not 
marked  by  discordance  of  dip  nor  by  any  noticeable  erosion  features.  On 
the  north  side  of  Arkansas  river,  at  the  mouth  of  the  Royal  gorge,  the 
Ordovician  beds  are  well  exposed,  lying  on  granite  and  gneiss  and  dipping 
steeply  eastward.  There  is  a  basal  conglomerate  merging  upward  into 
hard  gray  to  pink  sandstones,  in  part  coarse  grained,  100  feet  or  more  in 
thickness.  These  are  succeeded  by  80  feet  of  reddish-brown  shales  and 
thinly  bedded  sandstones,  70  feet  of  gray  to  pink  sandstones  (mostly  soft 
and  massive),  8  feet  of  red  shales,  30  feet  of  gray  to  pink  sandstones 
(mostly  massive),  followed  by  a  talus-covered  interval  of  about  100  feet, 
east  of  which  appear  ledges  of  Fremont  limestone  merging  upward  into 
a  few  feet  of  gray  sandstone.    The  latter  is  overlain  by  the  basal  red  con- 
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glomerate  of  the  Fountain  formation.  On  the  opposite  side  of  Arkansas 
river  the  Harding  sandstone  is  about  200  feet  thick  and  is  overlain  by 
about  100  feet  of  limestones,  in  part  sandy,  capped  by  a  20-foot  bed  of 
light-gray  sandstone.  On  the  irregular  upper  surface  of  the  latter  lie 
coarse  conglomerates  at  the  base  of  the  Fountain  formation.     Both  the 


Cretaceous 


3 
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Figure  5. — Sketch  Map  of  Manitou  Emhavment,  west  of  Colorado  Bpringg,  Colorudo, 

Harding  sandstone  and  the  Fremont  limestone  end  a  short  distance  to 
the  south  on  Grape  creek,  the  sandstone  terminating  at  a  point  al)out 
three-fourths  of  a  mile  south  of  Arkansas  river.  The  Fountain  forma- 
tion also  thins  rapidly,  and  at  a  point  a  mile  south  of  the  river  is  ouly 
about  250  feet  thick. 
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EXPOSURE  OF  THE  SHALE  MEMBER  LYING  BETWEEN  HARDING  SANDSTONE  AND  FREMONT  LIMESTONE 
Two  miles  northwest  of  Cnnyon  City,  Colorado.      riiotoj^rapli   hy  C.  I).  Walcott 
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On  the  east  side  of  Grape  creek,  just  above  its  mouth,  there  are  nearly 
continuous  exposures  from  the  granite  to  the  "Dakota"  sandstone.  At  the 
base  are  about  150  feet  of  massive  gray  Harding  sandstones,  pinkish  in 
tlieir  upper  portion.  These  are  succeeded  by  about  60  feet  of  soft  gray 
sandstone,  with  some  layers,  50  feet  of  limestone  (Fremont),  10  feet  of 
red  sand  and  sandstone,  and  about  900  feet  of  Fountain  Eed  beds. 

Fish  Eemains  and  Associated  Fossils  near  Canyon  City 

HARDING   QUARRY   LOCALITY 

The  fish  remains  obtained  by  Mr  Walcott,  near  Canyon  City,  in  1890, 
occur  in  the  Harding  sandstone,  which  is  closely  similar  in  appearance  to 
the  fish-l)earing  sandstone  of  the  Bighorn  formation,  as  described  on  a 
previous  page.  The  principal  locality  is  at  Harding  quarry,  which  is  on 
the  mountain  slope  2  miles  west  of  Canyon  City,  where  the  section  above 
described  was  measured.  Here  the  Harding  sandstone  lies  directly  on  the 
gneiss,  as  shown  in  plate  78.  The  vertical  range  of  the  fish  remains 
is  from  about  20  feet  above  the  base  of  the  sandstone  to  its  summit,  Q6 
feet  higher,  and  a  few  occur  in  the  overlying  shale  (see  plate  79).  The 
remains  are  most  abundant  in  a  reddish  sandy  shale  that  occurs  in  irreg- 
ular bands  at  several  horizons  in  the  sandstone,  but  they  are  also  irreg- 
ularly scattered  through  the  latter.  The  fish  fauna  includes  fragments 
of  a  Placoderm  closely  allied  to  Asterolepis,  numerous  scales  of  the 
character  of  those  of  Holoptychius,  and  what  is  considered  to  be  the  calci- 
fied chordal  sheath  of  a  form  allied  to  the  recent  Chimcera  monstrosa.  In 
the  sandstone  occur  numerous  remains  of  invertebrates  comprising  11 
general  and  19  species,  which  are  "of  the  type  of  the  basal  Trenton  of 
the  New  York  section."  In  the  Fremont  limestone  which  overlies  the 
thin  shale  member  at  the  top  of  the  Harding  sandstone  there  is  a  large 
and  varied  fauna  which,  at  a  horizon  3  feet  above  the  base,  contains  34 
genera  and  55  species.  At  a  horizon  180  feet  higher  33  genera  and  57 
species  occur.  "These  faunas  are  respectively  of  the  types  of  those  of  the 
Lower  and  Upper  Trenton  faunas  of  the  New  York  section.'^ 

The  character  of  the  fauna  at  the  lower  horizon  is  shown  by  Receptacu- 
lites  oweniy  Halysites  catenulatus,  Columnaria  alveolata,  Strophomena 
alternata,  Streptorhynchus  filitextum,  S.  sulcatum,  Orthis  hiforata,  0. 
flabellum,  0.  suhquadrata,  0.  tricenaria,  Rhynchonella  capax  var.  incre- 
hescens,  R,  dentata  Hall,  Ambonychiu  hellastriata  Hall,  Modiolopsis 
plana  Hall,  Murchisonia  tricarinata  Hall,  Cycloneina  hilex,  Bellerophon 
bilobatus  Sow,  Endoceras  proteiforme  Hall,  Ormoceras  tenuifilum,  0, 
crehriseptum,  Orthoceras  veriehrale  Hall,  0.  inuUicameratum  Hall,  Gom- 
phoceras  powersi  James,  Asaphus  like  A,  platycephalus,  Illcenus  crassir 
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Cauda,  and  J.  milleri.    Of  these  11  species  pass  up  into  the  fauna  180 
feet  above. 

MANITOU  RBGION 

At  Manitou  and  for  some  distance  northward  and  in  the  Trout  Brook 
valley  (Mani ton  park)  Manitou  limestone  underlies  the  Fountain  Bed  beds. 
On  Trout  brook  this  limetsone  has  yielded  distinctive  Ordovician  fossils. 
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FiQUBi  6. — Map  of  a  Portion  of  the  Northwest,  Bh4>%oing  DietrfbutioH  of  OrdavMan, 

Throughout  this  area  it  is  underlain  by  Cambrian  sandstone.  Near 
Manitou  there  are  several  hundred  feet  of  limestones^  of  which  the  lower 
portion  is  Manitou^  while  the  upper  members^  according  to  A.  W.  Qrabau/ 

*  O.  H.  Girty :  CarbonlXerous  formationB  and  faunas  of  Colorado.    ProfMidonal  paper, 
U.  8.  G«ol.  8nrTey»  no.  Id.  1908,  p.  168. 
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contain  Mississippian  fossils.  This  limestone  caps  the  sloping  ridges  west 
and  south  of  Maniton  and  appears  extensively  in  the  intervening  canyons, 
especially  in  "Williams  canyon.  Its  outcrop,  together  with  that  of  the 
underiying  sandstone,  is  terminated  by  overlap  of  the  Fountain  formation 
a  mile  north  of  Glen  Eyrie,  but  it  reappears  in  the  small  embajrment  west 
of  Monument  park.  In  this  latter  outlier  there  are  exposed,  lying  on  the 
granite,  30  feet  of  dark-gray,  coarse  sandstones,  thin  bedded  and  glau- 
conitic  at  the  top,  overlain  by  20  feet  of  bright-red,  sandy  limestone  with 
Cambrian  fossils,  and  by  50  feet  of  massive,  pure,  fine  grained,  light-gray 
limestone.  On  this  limestone,  which  apparently  is  Manitou,  lies  an  im- 
pure limestone  varying  from  gray  to  buff  in  color,  with  a  heavy  breccia  at 
its  base,  the  latter  probably  marking  an  unconformity.  The  limestones 
are  cut  off  by  a  fault,  bringing  down  the  Morrison  and  overlying  '^Dakota,'* 
but  a  short  distance  to  the  north  and  south  the  Fountain  Bed  beds  are 
exposed  lying  directly  on  the  granite. 

Doctor  Peale  gives  a  section  of  the  exposure  of  Manitou  limestone  and 
associated  formations  on  Camp  creek,  at  Glen  Eyrie,*  which  has  30  feet 
of  limestones,  mostly  red,  believed  to  be  of  Ordovician  age,  separated  from 
the  granite  by  60  feet  of  sandstones. 

DBADMAN  ORBBK 

On  Deadman  creek,  6  miles  south  of  Perry  park,  a  small  outlying  area 
of  Lower  Paleozoic  rocks  has  been  investigated  by  Mr  Willis  T.  Lee-f 
The  rocks  are  cherty  limestones  in  layers  interstratified  with  red  clay, 
overlying  a  few  feet  of  deep-red  quartzite  of  supposed  Cambrian  age.  The 
fossils  obtained  were  examined  by  Doctor  Weller,  who  found  the  best  pre- 
served speciemns  to  be  Ddmanella  iestudinaria  of  Ordovician  age. 

PERRY  PARK 

A  second  exposure  of  this  limestone,  with  similar  characters,  occurs  in 
the  southern  portion  of  the  Perry  Park  embayment  at  the  head  of  the 
easternmost  prong  of  West  Plum  creek,  as  noted  by  Doctor  Peale,  of  the 
Hayden  survey.    Mr  Lee  found  no  fossils  at  this  locality. 

S£8X7M£ 

In  figure  6  there  is  indicated  the  area  of  outcrops  of  the  Ordovician  in 
a  portion  of  the  ITorthwest,  and  also  the  probable  underground  distribu- 
tion of  rocks  of  that  system.  We  have  little  or  no  light  as  to  the  extent  of 
the  area  of  original  deposition,  for  all  of  the  region,  at  least  south  of 

*  A.  C.  Peale :  Geology  of  the  South  Park  division.  SeTenth  Annual  Report,  U.  S. 
Oeol.  and  Geog.  Survey  of  the  Territories,  1874,  p.  201. 

t  W.  T.  Lee :  Geology  of  the  Castle  Rock  region.  Colorado.  Am.  Geologist,  vol.  29,  pp. 
96-97. 
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latitude  45  degrees,  was  subjected  to  erosion  during  Silurian  and  later 
times,  which  may  have  resulted  in  the  removal  of  Ordovician  rocks  in  all 
the  area  in  which  they  are  now  absent.  At  no  locality  has  there  been 
observed  evidence  of  an  original  margin  of  the  later  Ordovician,  either 
by  shore  deposits  or  conformable  overlap  of  deposits  of  the  next  succeed- 
ing system  (Silurian).  The  thinning  and  absence  of  the  Ordovician 
rocks  and  overlap  by  Carboniferous  rocks  is  in  itself  no  evidence  at  all, 
because  a  great  thickness  of  sediments  could  have  been  removed  in 
Silurian-Devonian  times,  especially  along  zones  of  increased  uplift.  The 
thinning  out  of  the  Bighorn  formation  in  the  southeastern  portion  of  the 
Bighorn  mountains  apparently  is  due  to  the  latter  cause. 

Prom  the  foregoing  it  will  be  seen  that  the  various  maps  which  have 
been  prepared  showing  'land  areas  in  Ordovician*'  times  are  misleading 
in  the  region  to  which  this  paper  relates.  Evidently  in  much  of  the 
region  described  there  were  land  surfaces  in  early  Ordovician  (pre- 
Trenton)  time,  for  the  sandstones  underlying  the  Bighorn  and  Fremont 
limestones  usually  lie  unconformably  on  earlier  deposits  and  show  shore- 
line features.  They  are  widely  overlapped  by  the  succeeding  limestones, 
the  products  of  deeper  water  deposition,  but  the  extent  of  this  deep  water 
is  an  unsolved  problem,  for  no  evidences  of  its  shores  have  been  found. 
In  the  central  Colorado  region  at  least,  the  sandstone  (Harding)  confonn- 
ably  overlies  and  in  places  overlaps  a  somewhat  earlier  Ordovician  lime- 
stone (Manitou),  which  indicates  that  in  places  there  were  deeper  or 
quieter  waters  preceding  those  which  deposited  the  sandstone. 

It  appears  probable  that  the  Ordovician  rocks  west  of  Colorado  Springs 
and  near  Canyon  City  are  projections  from  an  extensive  area  underlying 
the  plains  region  eastward,  as  suggested  in  figure  6.  If  this  exists,  its 
western  edge  has  been  eroded  and  buried  beneath  the  Eed  Beds-Granite 
overlap,  excepting  in  the  old  embayments  where  protected  from  erosion. 

We  have  but  few  data  as  to  the  rocks  and  geologic  history  of  the  later 
Ordovician.  The  limestones  which  represent  the  Richmond  occupy  an 
area  of  considerable  size  in  the  central  and  northern  portions  of  the  Big- 
horn mountains,  and  are  separated  from  the  underlying  limestone  of 
Trenton  age  by  a  hiatus  representing  a  long  interval  of  time.  They  may 
have  been  deposited  extensively  in  the  Northwest  and  later  mostly  re- 
moved by  the  widespread  post-Ordovician  erosion,  or,  on  the  other  hand, 
may  have  been  only  laid  down  in  restricted  basins.  Apparently  all  of  the 
area  treated  in  this  paper  was  a  land  surface  during  the  interval  between 
Trenton  and  Eichmond  times,  although  there  may  have  been  some  local 
areas  of  deposition  in  which  the  rocks  now  are  buried,  or  from  which  they 
may  have  been  removed,  prior  to  Richmond  deposition. 
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iNTRODUOnON 


The  Bedimentaiy  f ormatioiis  of  the  earth's  crust  fall  readily  into  two 
great  stratigraphic  groups^  the  marine  and  the  non-marine,  which  in 
their  essential  characteristics  are  strongly  contrasted  and  which  in  the 
analysis  of  sedimentary  series  must  be  carefully  differentiated  In  spite 
of  the  practice  to  the  contrary,  stratigraphers  will  admit  that  only  marine 
deposits  are  suited  to  furnish  the  record  for  a  complete  time  scale,  and 
that  consequently  the  standard  column  of  any  region  should  be  based 
on  marine  deposits  only.  Where,  as  is  often  the  case,  the  column 
selected  as  a  standard  contains  non-marine  members,  the  column  is  im- 
perfect as  long  as  these  are  retained.  Thus  the  standard  Cretacic  column 
of  North  America  is  impaired  by  the  retention  in  it  of  the  non-marine 
Dakota  and  Laramie  formations,  and  until  recently  the  standard  Triassic 
section  of  Germany  was  practically  useless,  as  it  contained  only  one 
marine  member.  The  substitution  of  an  extensive  series  of  marine 
members  for  the  Bunter  Sandstein  and  Keuper  has  given  us  a  perfect 
standard  of  comparison,  such  as  is  hardly  equaled  by  that  of  any  other 
of  the  geological  systems. 

Non-marine  sediments,  however,  while  not  serviceable  as  members  of 
a  standard  time  scale,  are  still  of  great  stratigraphic  importance,  since 
they  furnish  us  with  records  of  physical  changes  not  determinable  from 
the  deposits  of  the  marine  series;  but  as  long  as  non-marine  sediments 
were  regarded  as  lake  deposits  only,  their  true  significance  was  over- 
looked. Now  that  stratigraphers  recognize  that  non-marine  deposits  are 
oftener  than  not  of  fluviatile  or  seolian  origin,  their  real  meaning  becomes 
more  and  more  apparent. 

The  two  types  of  sediment  are  distinguished  from  each  other  not  only 
by  their  fossil  content,  but  also,  and  almost  as  easily,  by  their  physical 
characters,  especially  the  larger  ones.  The  most  striking  diffei^nce  of 
all  lies  in  the  manner  in  which  the  successive  members  of  either  series 
are  related  to  each  other.    In  the  following  discussion  the  distinguiahing 
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characters  of  the  marine  and  the  non-marine  series  will  be  separately 
treated  in  the  order  indicated. 

Classification  of  Types  of  Overlap 
The  types  of  overlap  of  sedimentary  strata  may  be  classified  as  follows : 

A.  Irregular  or  discontinuous  overlap. 

B.  Eegular  continuous  or  progressive  overlap. 

1.  Marine. 

a.  Transgressive. 

b.  Begressive. 

2.  N"on-marine. 

c.  Pluviatile. 

Irrbgulab  Overlap 

Under  this  term  we  may  comprise  all  overlap  of  concordant  sediment- 
ary formations^  of  any  type,  which  does  not  proceed  regularly  in  a  given 
direction.  All  overlaps  of  strata  due  to  sudden  inundations  rather  than 
regular  invasions  belong  here ;  also  overlaps  due  to  temporary  deposition 
from  any  cause,  as  SBolian  sediments.  (Generally  this  kind  of  overlap  im- 
plies some  erosion  of  the  underlying  concordant  formations,  thus  pro- 
ducing a  disconformity.  A  change  of  method  of  deposition  may  also 
produce  this  kind  of  overlap,  as  the  overlap  of  the  marine  Paleozoics 
along  the  Front  Eange  region  by  the  non-marine  Eed  beds. 

Progressive  Overlap 

Under  this  term  are  included  the  types  of  overlap  due  to  a  regular 
progressive  onward  movement  of  the  zones  of  deposition,  whether  the 
direction  of  that  onward  movement  is  landward,  as  in  a  regularly  trans- 
gressing sea,*  or  seaward,  as  in  a  regularly  retreating  seashore,  and  the 
regular  progressive  spreading  of  zones  of  deposition,  as  in  a  growing  sub- 
aerial  fan  or  dry  delta.  The  first  two  cases  constitute  the  marine  trans- 
gressive and  regressive ;  the  third  the  non-marine  fluviatile  type  of  pro- 
gressive overlap.  The  lake  delta  may  be  considered  as  a  local  phase  of 
spreading  river  deposits. 

Progressive  Overlap  in  marine  Series 

The  subject  of  progressive  overlap  of  marine  strata  may  be  conveniently 
discussed  under  the  following  headings : 
1.  Transgressive  overlap^. 

*  Thii  Is  orerUp  m  dtflned  by  Oeikle.    Text  Book,  8d  td.,  p.  618. 
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2.  Begressive  overlap. 

3.  Compound  regressiye  and  transgressiye  overlap. 

Tbansobessiye  Oveblap 

When  the  sea  r^ularly  advances  upon  an  old  land  surface  from  which 
there  is  a  continued  supply  of  detrital  material,  a  steadily  advancing 
shore  zone  of  pebbles  or  sand  will  be  recorded  in  the  sedimentary  series 
which  is  forming  in  the  transgressing  sea.  At  any  given  stage  in  the 
process  a  shore  deposit  of  coarse  elastics,  derived  from  the  old  land  sur- 
face, will  form  for  some  distance  out,  grading  seaward  into  a  deposit  of 
finer  shore-derived  material.  In  proportion  to  the  distance  from  the 
shore  the  fineness  of  the  material  will  increase,  and  at  the  same  time 
material  derived  from  organic  deposits,  such  as  coral  reef  sands  or  shell 
formations,  will  accumulate  in  the  regions  of  purer  water.  With  pro- 
gressive slow  advance  of  the  sea,  the  supply  of  detritus  being  uniform, 
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FiouBB  1. — Diagram  lUuBiraiing  Progreaaive  (Tranagreaaive)  Overlap. 

the  coarser  shore  elastics  will  be  spread  farther  up  on  the  old  land,  while 
at  the  same  time  the  zone  of  offshore  deposits  will  migrate  in  the  same 
direction  and  approximately  at  the  same  rate  as  the  shore  itself.  As  a 
result,  the  offshore  deposits  of  a  later  period  will  come  to  rest  on  the 
shore  deposits  of  an  earlier  period,  and  if  the  transgression  has  been  a 
uniform  one,  on  a  imiform  old  land  surface,  with  a  uniform  supply  of 
detritus,  a  vertical  section  of  such  a  series  of  successive  deposits  will 
show  an  upward  gradation  from  coarse  to  fine  comparable  to  the  similar 
gradation  in  texture  of  the  deposit  of  a  single  period  from  the  shore 
seaward.  At  the  same  time  there  will  be  a  continuous  basal  bed  of 
coarse  elastics  spread  immediately  above  the  old  land  surface  within  the 
zone  of  transgression,  this  continuous  bed  being  made  up  of  the  shore 
ends  of  the  successive  units  of  the  series  formed  during  the  successive 
periods  of  the  transgression.  The  basal  bed  will  be  essentially  a  litiiic 
unit,  resting  ever3rwhere  unconformably  upon  the  old  land  surface,  and 
it  will  be  succeeded  upward  by  strata  of  similarly  uniform  lithic  charac- 
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ter  in  most  of  the  sectioiu.  But  it  is  evident  from  a  consideration  of  the 
mode  of  its  formation  that  the  age  of  different  portions  of  this  basal  bed 
varies^  becoming  progressively  yoimger  in  the  direction  of  transgression. 
The  following  diagram  will  illustrate  this  principle: 

The  series  of  successive  strata,  1  to  7,  is  deposited  at  A  during  the 
period  of  transgression  of  the  sea  from  A  io  B,  and  therefore  it  consti* 
tutes  the  depositional  equivalent  of  the  time  interval  occupied  by  the 
transgression,  which  may  be  assumed  to  have  proceeded  at  a  imiform 
rate.  It  is  evident  that  the  basal  sand  or  conglomerate  bed  1-8  is  not 
of  the  same  age  throughout,  but  rises  in  the  scale  progressively,  until 
at  Jff  it  is  equivalent  in  age  to  bed  7  at  A.  The  same  thing  is  true  of 
bed  2'-9,  a  finer  bed  which  directly  succeeds  the  basal  bed,  and  which 
like  it  rises  in  age  in  the  direction  of  transgression.  It  is  clear  that  two 
sections  of  this  series,  taken  the  one  nearer  the  shore  than  the  other,  as  at 
C  and  A,  will  have  the  same  lithic  succession  from  the  base  upward ;  but 
section  C  will  begin  very  much  higher  in  the  scale  than  section  A,  and 
the  corresponding  lithic  units  of  the  two  sections  will  be  of  different  age. 

Application  of  the  Principle  op  Transgressivb  Ovj»lap  in  the 

sedimentary  series 

THE  BABAL  PALEOZOIC  BBRIBS 

Oenerdl  character  of  the  overlap, — ^Wherever  the  Paleozoic  rocks  are 
found  to  rest  imconformably  on  the  pre-Cambrics,  a  comparison  of  sec- 
tions shows  a  progressive  overlapping  of  the  successive  formations,  each 
of  which  rests,  with  a  basal  sand  or  conglomerate  bed,  on  the  eroded 
surface  of  the  pre-Cambric  old  land.  Some  of  the  more  t3rpical  exam- 
ples of  this  may  now  be  cited. 

Newfoundland. — A  comparison  of  the  following  sections  from  Trinity 
and  Conception  bays,  Newfoundland,  will  show  the  character  of  the  basal 
transgression.  At  Trinity  bay,  Smith  sound,  the  Lower  Cambric  (Etche- 
minian  of  Matthew)  is  represented  by  811  feet  of  fossiliferous  shales, 
with  some  limestones  carrying  the  Holmia  broggeri  fauna.  Almost  350 
feet  below  the  top  of  the  Etcheminian  is  a  brick  red  and  pinkish  lime- 
stone stratum,  27  feet  thick,  and  rich  in  Holmia  broggeri,  Hyolithes 
princeps,  and  other  fossils.  This  is  the  Smith  Point  limestone  of  Wal- 
cott,  which  has  been  recognized  in  Conception,  Saint  Marys,  and  Placen- 
tia  bays.  In  Conception  bay,  at  Manuels  brook,  this  limestone  when 
found  rests  directly  on  the  basal  conglomerate,  which  has  a  thickness  of 
35  feet,  and  in  its  basal  portion  contains  boulders  of  the  underlying 
gneiss  up  to  6  feet  in  diameter;  but  upward  it  changes  to  fine  sand. 
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If  the  correlation  of  the  Smith  Point  limestone  of  the  two  sections 
is  correct,  and  if  the  sections  contain  no  unrecognized  faults  or  erosion 
planes,  we  have  here  a  case  of  progressive  encroachment  of  the  sea,  appar- 
ently from  the  west  eastward,  though,  of  course,  the  basal  gneiss  of  tiie 
Manuels  Brook  section  may  represent  an  old  reef  or  island  in  the  Cambric 
sea,  which  was  gradually  covered  by  encroachment  from  all  sides.  The 
difference  in  deposition,  however,  between  these  two  points  is  about  300 
feet  of  basal  beds,  the  basal  conglomerates  of  the  eastern  section  being 
equivalent  to  the  shales  300  feet  above  the  base  in  the  western  section  and 
not  to  the  basal  beds  there.  The  following  diagram  illustrates  this  point: 
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FiauBB  2. — Oiimpo,ri%ofi  of  Section  at  Smith  Sound  and  ManueU  Brook,  Newfoundlmnd. 

New  Brunswick. — In  this  district  the  Cambric  rocks  have  long  been 
included  under  the  general  term  of  the  Saint  John  group,  from  their 
typical  exposure  in  the  region  about  Saint  John,  New  Brunswick.     Mat- 

tiiew  has  subdivided  the  series  as  follows  :* 

Feet 

Division  8.  (Bretonian)  at  Straight  shore,  Portland 700 

Division  2.  ( Johannien)  at  Kings  square,  Castleton 1,000 

Division  1.  (Acadian)  at  Alms  house,  Simonds 050 

Total    2,350 

"The  coarser  sediments  found  at  the  base  of  the  Saint  John  group  are  largely 
derived  from  those  older  rocks,  chiefly  the  Huronian  (Algonkian),  and  the  line 

^  inufltratloni  of  the  fauna  of  Saint  John  group. 
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Of  division  between  it  (the  Saint  John  gronp)  and  the  Hnronian  (Algonklan) 
l8  marked  by  conglomerates  of  mechanical  origin  which  sliow  no  trace  of  the 
hardening  process  by  which  the  Huronian  conglomerates  and  breccias  have 
been  so  firmly  cemented"* 

The  Acadian  represents  the  lower  part  of  the  Middle  Cambric  and 
b^^ins  with  the  Saint  John  quartzite,  which  is  succeeded  by  the  Pro- 
tolenuB  zone,  and  this  in  turn  by  the  Paradoxides  zone.  Beneath  the 
Saint  John  quartzite  is  a  series  of  red  and  green  sandy  shales  150  feet 
thick,  below  which  lies  the  red  basal  conglomerate.  Both  the  red  shales 
and  the  ccmglomerate  are  referred  to  the  Etcheminian  or  pre-Saint  John 
teirane.  This  terrane  is  fully  developed  at  Hanford  Brook,  Saint  Mar* 
tins,  some  30  miles  north  of  east  of  Saint  John,  where  it  is  1,200  feet 
thick.  Here  it  begins  with  a  coarse  p]irplish  red  conglomerate  60  feet 
thick,  which  rests  upon  amygdaloidal  greenstones  of  an  older  (Cold- 
Brookian)  series,  and  passes  upward  into  sandstones  and  flags  some  300 
feet  thick,  followed  by  a  second  conglomerate  35  feet  thick,  which  in 
torn  is  followed  by  shales  and  sandy  ohales  to  the  top  of  the  series. 

It  is  evident,  then,  that  we  have  here  an  overlapping  series,  with  a 
basal  conglomerate  in  each  case,  that  of  the  Saint  John  region,  however, 
being  equivalent,  not  to  the  basal  bed  of  the  Etcheminian  series  of  the 
Hanford  Brook  section,  but  to  the  shales  of  the  upper  division  of  that 
series. 

In  Cape  Breton  island  the  Lower  Cambric  or  Etcheminian  strata  were 
found  by  Matthew  to  have  a  thickness  of  3,000  to  5,200  feet  at  Mira 
bay,  on  the  eastern  coast.  Twenty  miles  farther  west,  on  East  bay  (Bras 
d'Or  lakes),  only  500  feet  of  Etcheminian  occurs.  Both  sections  show 
a  basal  conglomerate  resting  on  older  rocks,  succeeded  in  both  cases  by 
Middle  Cambric  strata,  at  the  base  of  which  im  erosion  interval  is  indi- 
cated in  some  other  sections. 

On  the  East  Bengal  road  the  lower  Etcheminian  is  3,200  feet  thick, 
decreasing  on  the  West  Bengal  road  to  1,300  feet,  and  to  270  feet  at 
Dugald  brook,  on  East  bay.  The  upper  division  likewise  increases  from 
2,000  feet  on  the  East  Bengal  to  1,700  feet  on  the  West  Bengal  road, 
and  to  230  feet  at  Dugald  brook.  The  increase  of  the  lower  beds  west- 
ward appears  to  be  due  to  progressive  overlap  of  the  beds,  while  the 
greater  thickness  of  the  upper  beds  in  the  eastern  section,  when  taken 
in  connection  with  the  heavy  conglomerate  which  lies  at  the  top  of  the 
series  in  the  west,  seems  to  suggest  retreatal  features  of  the  type  more 
fully  discussed  later  on.  Of  course  here,  as  in  all  the  sections  of  dis- 
turbed areas,  the  possibility  of  the  existence  of  faults  and  folds  must  be 

•Mattbew:  Fauna  of  Saint  John  group,  pt.  1,  1882.  p.  87. 
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taken  into  consideration^  since  we  can  never  be  absolutely  certain  of  the 
accuracy  of  the  sections  made  in  such  regions.  The  general  correspond- 
ence of  the  facts  to  the  requirements  of  the  theory  seem,  however,  to  sug- 
gest that  the  correlations  as  here  given  are  correct. 

In  comparing  the  Myra  valley  section  with  the  Lower  Cambric  strata 
of  eastern  Newfoundland  (811  feet  at  Trinity  bay,  80  to  100  feet  at 
Manuels  brook,  or  even  the  greater  thickness  of  1,200  feet  at  Hanford 
brook),  the  discrepancies  are  such  as  can  not  readily  be  accounted  for  by 
differential  rate  of  deposition.  In  respect  to  the  Trinity  and  Conception 
Bay  sections,  it  has  already  been  shown  that  the  difference  is  in  part 
accounted  for  by  progressive  overlap,  and  the  progressive  disappearance 
of  the  lower  members.  But  this  is  not  altogether  the  case,  since  there  is 
a  difference  of  nearly  300  feet  in  the  beds  above  the  Smith  Point  lime- 
stone. This,  however,  is  accounted  for  in  the  Manuels  Brook  section  by 
an  erosion  interval,  as  shown  by  the  conglomerate  at  the  base  of  the  next 
succeeding  Middle  Cambric,  the  pebbles  of  this  conglomerate  being  de- 
rived from  the  underlying  Etcheminian.  In  the  Smith  Sound  (Trinity 
Bay)  section,  however,  deposition  appears  to  have  been  continuous  from 
lower  to  middle  Cambric  time,  since  no  erosion  interval  is  recorded. 
Walcott,  moreover,  correlates  the  basal  130  feet  of  the  Middle  Cambric 
of  this  section  with  the  Protolenus  beds  of  New  Brunswick.  If  this 
correlation  is  correct,  the  eastern  Newfoundland  section  represents  only 
the  upper  part  of  the  New  Brunswicktown  (Hanford  Brook)  section. 
The  same  reasoning  would  lead  us  to  regard  both  the  eastern  Newfound- 
land and  New  Brunswick  sections  as  representing  only  the  upper  part  of 
the  sections  shown  in  eastern  Cape  Breton.  This  conclusion  is,  of  course, 
based  on  the  supposition  that  no  very  pronounced  unrepresented  interval 
occurs  at  the  top  of  the  Etcheminian  in  either  the  eastern  Newfoundland 
or  the  New  Brunswick  section. 

Northern  Appalachian  area. — In  eastern  Labrador  and  western  New- 
foundland Lower  Cambric  strata  rest  with  basal  conglomerates  and  sand- 
stones (often  arkoses)  upon  the  gneisses  and  other  prte-Cambric  rocks. 
They  pass  upward  into  shales  and  limestones,  of  which  over  1,700  feet 
are  exposed  at  Bourne  bay,  Newfoundland.  The  fauna  of  these  beds  is 
the  t3rpical  Olenellus  fauna  of  the  Appalachian  province.  Upward  these 
strata  are  succeeded  by  nearly  1,500  feet  of  limestones,  with  some  shales 
and  a  quartzite  near  the  base,  all  of  unknown  age,  while  above  there  is 
400  feet  of  limestone  carrying  a  lower  Ordovicic  fauna.  At  Canada  bay, 
Newfoundland,  2,500  feet  of  conglomerates,  shales,  and  igneous  rock 
form  the  base  of  the  Cambric  series  and  are  succeeded  by  nearly  3,000 
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feet  of  limestones,  shales,  and  intercalated  sandstones  carrying  the  Ole- 
nellns  fauna.* 

In  northern  Vermont  the  Lower  Cambric  consists  of  over  2,000  feet 
of  limestones  and  shales  with  the  Olenellus  fauna,  but  the  base  of  the 
series  is  not  exposed.  Southward,  in  the  slate  belt,  the  maximum  thick- 
ness of  the  Lower  Cambric  is  estimated  by  Dalef  to  be  1,400  feet,  at 
Hebron  mountain.  The  base  is  not  exposed  and  the  upper  part  is 
formed  of  quartzite  and  sandstone  ranging  in  thickness  up  to  100  feet. 
Then  follows  1,000  to  1,200  feet  of  Lower  Ordovicic,  the  Middle  and 
Upper  Cambric  series  being  apparently  absent.  J  On  the  flanks  of  the 
Green  mountains  the  basal  Cambric  beds  are  sandstone,  resting  uncon- 
formably  on  the  pre-Cambric  gneiss.  These  are  the  granular  quartz  of 
the  Vermont  geologists,  which  were  long  ago  referred  to  the  Potsdam  on 
accoimt  of  their  position.  The  thickness  of  the  quartzite  is  estimated 
at  from  800  to  900  feet,§  and  about  470  feet  of  the  overlying  Stock- 
bridge  limestone  is  also  referred  to  the  Lower  Cambric.  ||  This  makes  a 
total  of  1,370  feet  for  the  maximum  of  the  Lower  Cambric  in  the  Green 
Mountains  section.  Compared  with  the  Highgate  Springs  section,  the 
base  of  the  Green  Mountains  section  seems  to  be  considerably  higher. in 
the  column,  since  in  the  northern  Vermont  section  the  basal  beds  are  not 
shown.  Walcott  has  suggested  that  the  great  mass  of  argUlite  east  of 
the  Vermont  Central  Railroad  track  in  the  Georgia  section  may  be  older 
than  the  limestone  at  the  base  of  the  section.^  If  this  is  the  case,  the 
Vermont  section  becomes  more  than  double  the  thickness  now  assigned 
to  it.  In  any  case  it  is  likely  that  the  basal  granular  quartz  of  the  Green 
Mountains  is  the  time  equivalent  of  the  upper  portion  of  the  limestones 
of  northwestern  Vermont. 

Southern  Appalachian  area. — The  Hardyston  quartzite  of  New  Jersey 
represents  the  basal  member  of  the  series  in  the  northern  part  of  the 
southern  Appalachians.  It  rests  on  the  pre-Cambrics  of  the  Highlands 
and  varies  from  a  few  feet  to  over  200  feet,  probably  owing  to  the  irreg- 
ularity of  the  pre-Cambric  floor.**  It  is  often  feldspathic  and  occasion- 
ally a  .conglomerate.  It  frequently  grades  up  into  the  overlying  Kit- 
tatinny  limestone,  which  has  an  estimated  thickness  of  from  2,700  to 

^  Murray :  Geological  Survey  Rept.  of  Newfoundland,   1864. 

t  Nineteenth  Ann.  Rept  U.  S.  Geological  Survey,  pt.  Ill,  p.  178. 

t  This  appears  to  be  true  of  the  Middle  Cambric  In  the  northern  Vermont  region, 
though  coarsely  conglomeratic  limestones  with  Upper  Cambric  fossils  occur  here.  On 
the  whole  it  seems  that  the  northern  Appalachian  trough  was  dry  land  during  Middle 
Cambric  time,  the  sea  returning  only  in  Upper  Cambric  time. 

f  Pumpelly,  Wolf,  and  Dale :  Monograph  23,  U.  S.  Geological  Survey,  1896,  p.  190, 

n  Dale :  Fourteenth  Ann.  Rept  U.  S.  Geological  Survey,  1895,  p.  641. 

f  BuUetln  80,  U.  8.  Geological  Survey,  1886,  p.  19. 
**Weller:  Paleontology  of  New  Jersey,  vol.  Ui. 
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3,000  feet,  and  is  mostly  Cambric  in  age,  though  the  upper  beds  carry 
an  undoubted  Beekmantown  fauna.  No  Middle  Cambric  fossils  haye 
been  recognized  in  this  limestone,  but  an  Upper  Cambric  fauna  occupies 
at  least  the  upper  third,  exclusive  of  the  portion  referable  to  the  Beek- 
mantown. In  Pennsylvania  a  basal  Cambric  sandstone  has  been  ob- 
served in  a  number  of  localities  resting  upon  the  pre-Cambrics.  In  the 
Cumberland  valley  this  bed,  known  as  the  Reading  quartzite,  is  probably 
near  the  horizon  of  the  Hardyston  quartzite,  while  the  Cumberland  lime- 
stone is  in  general  the  equivalent  of  the  Klttatinny.  The  latter  is  sepa- 
rated, in  New  Jersey,  by  an  erosion  interval  from  the  Trenton  which 
follows  it;  its  upper  limit  is  therefore  not  of  the  same  horizon  every- 
where. Whether  or  not  the  same  is  true  of  the  Cumberland  has  not 
been  ascertained.  The  basal  sandstone  is  well  shown  at  the  duckies 
(Chiques)  rock  on  the  Susquehanna  above  Columbia  (Lancaster  county), 
from  which  locality  it  takes  its  name.  From  the  occurrence  in  it  of 
Scolithes  it  was  formerly  referred  to  the  Potsdam  by  Lesley.*  At  Emigs- 
ville  a  t3rpical  Olenellus  was  foimd  in  the  sandstone,  f  Its  thickness  is 
estimated  at  1,300  feet,  though  this  may  be  excessive.^  It  is  succeeded 
by  1,500  feet  of  limestones,  the  upper  portion  of  which  carry  Ordovicic 
fossils. 

At  Balcony  Falls,  Virginia,  300  feet  of  sandstones  and  slates,  with  a 
basal  conglomerate  bed,  form  the  basal  Cambric  series  (Chilhowee), 
throughout  most  of  which  fossils  of  the  Olenellus  series  occur.  At 
Monterey  and  along  the  Blue  Ridge  mountains  over  4,000  feet  of  quartz- 
ites,  sandstones,  shales,  and  mottled  limestones  occur,  containing  the 
Olenellus  fauna.  These  are  overlain  by  the  Shenandoah  limestone,  the 
lower  part  of  which  is  Middle  and  Tipper  Cambric.  At  Harpers  Perry 
the  Chilhowee  series  is  subdivided  as  follows  :§ 

S>Mt 

Shenandoah  limestone. 

Chilhowee  series: 

Antletam  sandstone  BOO 

Harpers  shale 800  to  14800 

Weverton  sandstone  100  to      900 

Loudon    formation — slates,   sandstones,   conglomerates,   and   lime- 
stone— ^maximum  800 

Unconformity. 

Catoctin  schist  (Algonklan). 

Total  Chilhowee  8»400 

•  Lesley :  Second  Geological  Survey  of  Pennsylyania,  toI.  x,  1885,  pp.  lS-17. 

t  Walcott :  Loc  clt 

t  Bascom :  Bull.  Oeol.  Soc.  Am.,  vol.  16,  p.  208. 

i  Harpers  Ferry  folio. 
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In  the  region  about  Knoxville,  Tennessee,  the  Shenandoah  becomes 
known  as  the  Knox  dolomite  and  has  a  thickness  of  3,500  feet.  Beneath 
it,  southeast  from  Bays  mountain,  is  from  8,000  to  9,000  feet  of  shales 
and  limestones,  with  occasional  sandstone  members,  which  are  especially 
prominent  toward  the  base,  where  extensive  conglomerates  occur.* 

The  series  comprises : 

thickness 
Feet 

Knox  dolomite 3,500 

NoUcliiicky  shale  550 

MarysYille  limestone  550 

RogersYille  shale 220 

Rntledge  limestone 460 

Rome  formation  (shales)  , 260 

Rome  sandstones 700 

Beaver  limestones 300 

Apison  shale .* 1,100 

Hesse  sandstone 600 

Mnrray  shale  300 

Nebo  sandstone 600 

Nichols  shale 800 

Ck>chran  conglomerate  1,600 

Sandrock  shale  (with  Starrs  conglomerate  lentils  farther  southwest) . .  1,000 

Total  Ohilhowee 8»820 

Farther  to  the  northwestf  all  the  formations  between  the  Borne  and 
the  Knox  dolomite  are  represented  by  the  Conasauga  shale  series,  with  a 
thickness  of  from  600  to  800  feet.  This  may  be  a  nearer-shore  forma- 
tion, and  the  diminished  thickness  from  1,280  (minimum)  or  2,770 
(maximum)  to  600  or  800  feet  may  be  due  to  a  rise  of  the  top  of 
the  sandstone  member  underlying,  which,  from  lithic  similarity,  is  here 
also  called  Eome.  Owing  to  the  non-exposure  of  the  base,  the  exact 
relation  of  these  beds  to  the  underl3dng  pre-Cambric  land  surface  can  not 
be  determined.  In  western  VirginiaJ  all  the  members  above  the  Bome 
formation  are  shown  with  slightly  increased  thickness.  The  lowest 
formation  is  the  Eussell  sandstone,  1,400  feet  thick,  but  without  ex- 
posure of  the  base ;  so  we  do  not  know  whether  the  Eussell  is  a  basal  bed 
or  whether  the  lower  beds  are  concealed.  Since  these  beds  are  along  the 
strike  of  the  strata,  as  shown  in  the  Knoxville  folio,  it  seems  probable 
that  they  are  of  the  same  age,  and  that  hence  the  equivalent  lower  beds 
occur  in  the  embed  of  this  region. 

•  Keith :  Knoxville   folio. 

t  Briceyille   folio. 

I  Bome,  Tasewell,  Bristol,  BstlHvllle,  Morrlstown,  and  BrlcevlUe  folloe. 


678      A.  W.  GRABAU — TYPB8  OF  8EDIMENTABY  OVERLAP 

Southeastward  from  western  Virginia,  the  Rutledge,  Kogersville,  and 
Marysville  fonnations  are  replaced  by  the  Honaku  limestone,  a  siliceous 
limestone  aggregating  perhaps  a  thousand  feet  in  thickness. 

The  foregoing  sections  demonstrate  that  the  transgression  of  the 
Cambric  sea,  in  which  the  strata  now  preserved  accumulated,  was  toward 
the  northwest  in  the  southern  Appalachians. 

South  central  section. — In  Oklahoma  and  Indian  Territory  the  Wich- 
ita and  Arbuckle  uplifts  have  exposed  the  basal  Paleozoics.  Here  the 
basal  sandstone  member,  sometimes  wanting,  is  the  Beagan  sandstone, 
varying  up  to  600  feet  in  thickness.  It  is  succeeded  by  the  Arbuckle 
limestone,  over  4,000  feet  thick,  of  which  perhaps  the  lower  1,000  feet 
are  Cambric*  The  following  basal  section  occurs  in  the  Arbuckle  moun- 
tains: 

OrdovMe 

Simpson  Formation 

Feet 
Greenish  shales  and  thin  crystalline  and  shelly  limestones,  interstratified 

with  a  number  of  beds  of  sandstone,  one  of  which,  near  the  middle 
of  the  formation,  is  from  100  to  200  feet  thick.  The  lower  division 
carries  a  fauna  similar  to  the  Chazy  of  New  York  and  Canada,  while 
the  fauna  of  the  upper  division  is  closely  related  to  that  of  the  upper 
Stones  River  group  of  Tennessee  and  Kentucky  and  the  Stones  River 

formation  of  the  upper  Mississippi  valley.    Thickness l^iOO  to  2,000 

Slight  erosion  disconformity  and  local  deposits  of  pure  sand. 

Oambro-Ordovicio 

Arbuckle  Limestone 

Thinly  bedded  shaly  limestones,  with  sandy  beds  at  the  top,  gradhig 
down  into  light  bine  and  white  limestone  and  cream  colored  to  white 
crystalline  dolomite,  with  occasional  thin  shaly  strata  and  occa- 
sional siliceous  and  cherty  beds.  The  age  of  the  formation  varies 
from  Middle  Cambric  to  Lower  Ordovicic,  including  the  whole  of 
the  Upper  Cambric  and  the  Beekmantown  formations.  "From  the 
base  of  the  formation  upward  to  the  top  of  the  Middle  Cambrian  the 
rocks  are  composed  of  thin  bedded  and  in  part  intraformational 
conglomerate  and  shaly  limestones."  This  comprises  several  hun- 
dred feet,  while  the  Upper  Cambric  includes  about  700  feet  of 
strata.t  Ulrich  holds  that  an  erosion  interval  occurs  at  the  top 
of  the  Middle  Cambric,  but  the  evidence  given  for  that  is  not  con- 
clusive. In  the  upper  1^250  feet  fossils  of  the  Beekmantown 
horizon  occur.     Thickness 4,000  to   6,000 

•  J.  A.  Taff  and  B.  O.  Ulrich :  Professional  paper  no.  31,  U.  S.  Geological  Survey, 
t  C.   N.   Gould :  Geology  and  water  supply  of  Oklahoma.     U.   S.  Geological   Surrey 
Water  Supply  paper  no.  148, 
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OamMo. 
Reagan  Sandstone 

Calcareaus  sandstones,  thin  bedded  and  laminated,  grading  downward 
Into  clays  and  greensands,  with  coarser  sands  lower  down,  which 
pass  downward  Into  quartzltes  and  arkose  conglomerates  of  poorly 
assorted  granitic  material.  At  the  top  of  the  sandstone  and  In  the 
shaly  and  calcareous  strata  for  several  hundred  feet  above  the 
sandstone  (basal  part  of  Arbuckle),  fossils  of  Middle  Cambric  age 
occur.  The  thickness  averages  300  feet,  but  varies  from  almost 
nothing  to  500 

Great  unconformity,  with  irregular  erosion  surface. 

Granite  and  porphyry. 

The  occurrence  of  Middle  Cambric  fossils  in  the  Reagan  sandstone 
marks  the  beginning  of  the  time  of  sedimentation  as  Middle  Cambric 
and  probably  as  the  early  portion  of  that  period.  There  is,  then,  an 
overlap  from  the  southeast,  where  the  basal  sandstone  and  a  considerable 
part  of  the  limestone  is  of  Lower  Cambric  age. 

In  the  Ozark  region  the  following  section  of  the  basal  Paleozoic  rocks 
is  exposed:* 

Feet      Feet 

Joachim  limestone 0  to  150 

Crystal  City  sandstone » 0  to  200 

Jefferson  City  limestone 50  to  250 

Roubldoux  formation  70  to  225+ 

Gasconade  limestone 450  to  650 

Elvlns  formation  0  to  120 

Bonneterre  limestone  200  to  500  ? 

La  Motte  sandstone  0  to  300 

Great  unconformity. 

Archean  granites  and  porphyry. 

The  La  Motte  sandstone  constitutes  the  basal  formation  of  this  section 
and  was  formerly  identified  as  Potsdam  sandstone.  It  is  frequently  a 
coarse  grit  or  conglomerate  near  the  base,  the  pebbles  being  quartz  or 
granite  and  porphyry,  and  in  the  Saint  Francis  Mountain  region  a  con- 
glomerate of  porphyry  pebbles  lies  at  the  base  of  the  formation.  Upward 
the  La  Motte  becomes  more  thinly  bedded  and  flaggy,  and  calcareous 
beds  make  their  appearance,  the  transition  to  the  overlying  Bonneterre 
being  gradual.     The  sandstone  may  disappear  altogether,  probably  along 

*  Bain  (H.  Foeter)  and  Ulrich  (B.  O.)  :  The  copper  deposita  of  Missouri.  BoU.  no. 
267,  U.  S.  Oeolosical  Survey. 
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more  elevated  portions  of  the  old  land  surface,  which,  being  kept  free, 
on  subsidence,  from  sand  accumulations,  received  directly  the  depoeits 
of  the  limffltonffi,  which  thus  overlap  the  ba^al  sand. 

The  Bonneterre  beds  are  gmralar,  highly  magnesian  limestones,  often 
with  chlorite  in  the  basal  portion.  The  cuntact  wi&L  the  underlying 
formation  seems  to  be  a  gradational  one,  indicating  continued  witwiAgirpj 
and  therefore  advance  of  the  sea.  The  shaly  portion  contains  Lingukpm 
cf.  lambomi,  together  with  some  other  fossils,  which  are  regarded  as  fix- 
ing the  age  of  this  bed  as  probably  Middle  Cambric 

An  erosion  interval  is  believed  by  Ulrich  to  separate  this  foTmati(ui 
from  the  next  overlying  Elvins  formation,  though  the  evidence  is  meager. 
It  consists  of  an  irregularity  at  the  top  and  the  presence  of  one  or  more 
beds  of  limestone  pebbles.  The  Elvins  formation  is  Upper  Cambric, 
according  to  its  fossils.  It  consists  of  shales,  shaly  limestones,  and  more 
or  less  earthy  dolomites.  Locally  the  contact  with  the  overlying  Potosi 
group  appears  to  be  disconf  ormable,  but  in  other  cases  there  seems  to  be 
a  gradation  upward  into  the  Potosi. 

The  Potosi  is  on  the  whole  a  shallow-water  and  perhaps  in  part  conti- 
nental deposit  with  conglomeratic  layers,  sim-cracked  beds,  and  local 
erosions.  The  lower  beds  are  dolomitic  limestones,  while  sandstones  of  a 
more  or  less  lenslike  character  occur  in  the  middle  portion,  sometimes 
amounting  to  beds  of  considerable  extent  and  uniformity  (Houbidoux 
formation) .  Upward  the  series  is  again  terminated  by  a  dolomitic  lime- 
stone (Jefferson  City  limestone),  which  in  turn  is  succeeded  by  the 
Crystal  City  sandstone,  with  occasionally  an  erosion  disconformity  be- 
tween the  two.  The  Joachim  limestone,  however,  which  overlies  the 
Crystal  City  sandstone,  forms  a  continuous  depositional  series  with  it 

While  the  significance  of  the  basal  section  appears  to  be  marred  by  the 
occurrence  of  planes  of  erosion  disconformity,  it  seems  nevertheless  true 
that  the  basal  sandstone  in  this  section  has  risen  until  it  probably  lies 
nearer  the  top  than  the  bottom  of  the  Middle  Cambric  series.  There 
seem  to  have  been  elevations  in  the  Ozark  dome  at  stated  intervals,  which 
caused  partial  retreat  of  the  sea,  followed  by  a  readvance.  This  is  the 
meaning  of  the  numerous  intercalated  sandstone  beds. 

The  Upper  Mississippi  area — Subdivisions. — In  eastern  Wisconsin  the 
subdivisions  of  the  basal  Paleozoic  are,  according  to  ChamberUn,  as  fol- 
lows :♦ 

*  Geology  of  Wisconsin,  toI.  2,  p,  206. 
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liower  Magnesian.  Feet 
Saint  Croix  series. 

6.  Madison  sandstone   35 

5.  Mendota  limestone  (including  shale  and  sandstone) 60 

4.  Sandstone  (calcareous)   155 

3.  Bluish  shale  (calcareous)  80 

2.  Sandstone  (slightly  calcareous)   160 

1.  Sandstone  (very  coarse,  non-calcareous) 280 


Total 


770 


Northward  the  lower  members  disappear  by  overlap  of  the  higher. 
The  Mendota  bed  (number  5)  is  the  fifth  Trilobite  bed  of  Owen,  with 
Dicellocephalus  minnesoiensis,  D.  pepinensis,  LinguJa  aurora,  and  L. 
mosia. 

The  section  at  the  Saint  Croix  Dalles  has  been  studied  in  great  detail 
by  Berkey.*     He  recognized  the  following  subdivisions  : 


Magnesian 
series  (Hall 
and  Sarde- 
Bon). 


Basal  sand- 
stone series 
(modified 
from  Nor- 
ton). 


Shakopee  dolomite. 

New  Kichmond  sandstone. 

Oneota  dolomite. 

Jordan  sandstone. 

Saint  Lawrence  dolomites  and  shales. 

3.  Franconia  sandstone  (100  feet). 

'  OboUlla  po/i^a  f  Greensands 
zone.  \     and  shales. 

The  lowest  formation  of  this  series  is  not  exi 


2.  Dresbach 
Bhale8(150 
feet). 


The  Saint  Croix 
formation 
(Winchell). 


in  the  Dalles 


area,  but  it  includes  the  lowest  sandstone  beds  and  possibly  also 
the  **  Hinckley  sandstone  "  (0  to  1 ,000  feet). 

The  Jordan  sandstone  of  this  section  is  correlated  by  Winchell  with 
the  Madison  sandstone  of  Wisconsin.  At  the  Dalles  of  the  Saint  Croix 
it  contains  a  considerable  fauna,  listed  by  Berkey,t  including  Dicello- 
cephdlus  osceola.  The  Saint  Lawrence  shales  are  correlated  with  the 
Mendota  beds  of  Wisconsin  (fifth  trilobite  bed  of  Owen),  and  include, 
besides  a  considerable  fauna,J  Dicellocephalus  minnesoiensis  and  D.  pep- 
inensis Owen.  The  Franconia,  or  third  trilobite  bed  of  Owen,  contains 
a  rich  trilobite  fauna,§  and  so  does  the  Dresbach,  though  this  fauna  is 
quite  distinct  from  that  of  the  overlying  bed.  The  species  here  agree 
more  closely  with  those  of  the  Potsdam  of  New  York,  with  which  Hall 
and  Sardeson  correlate  this  and  the  Franconia  sandstones.  The  thick- 
ness of  this  basal  series  at  Minneapolis  is  nearly  1,650  feet.|| 

•  American  Geologist,  vol.  xx.  p.  877. 

t  Ibid.,  vol.  21,  p.  270. 

t  Berkey ;  Loc  clt,  p.  271. 

I  Berkey :  Loc  dt,  p.  272. 

I  Hmll  and  SardMon :  Bnlh  Geol.  Boe.  Am.,  vol.  8,  p.  888. 
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Lake  Superior  sandstone. — ^This  formation  is  generally  referred  to  the 
Upper  Cambric  and  correlated  with  the  Potsdam  of  New  York  and  the 
Saint  Croix  of  the  upper  Mississippi  vaUey.  Prom  a  considt  nation  of  the 
facts  furnished  by  the  preceding  sections,  the  progressive  advance  of  the 
Cambric  sea  over  the  North  American  continent  has  become  apparent. 
The  advance  was  comparatively  gradual,  progressing  through  most  of 
Cambric  time  and  not  reaching  the  upper  Mississippi  valley  until  the  end 
of  that  period.  It  is  therefore  most  likely  that  the  basal  beds  of  the  Lake 
Superior  region  mark  a  higher  level  than  those  of  the  Saint  Croix  area, 
and  their  correspondence  to  the  lower  Magnesian  series  is  not  improbable. 
In  fact,  from  their  position  it  seems  that  they  are  more  readily  referable 
to  the  Lower  Ordovicic  than  to  the  Upper  Cambric.  The  section  of  this 
region  is,  however,  complicated  by  the  retreat  and  readvance  of  the  Ordo- 
vicic sea,  of  which  the  Saint  Peter  sandstone  is  the  record.  This -will 
be  more  fully  discussed  under  another  section  of  this  paper,  and  there- 
fore the  consideration  of  the  equivalency  of  the  basal  sandstone  of  the 
Lake  Superior  region  is  deferred.  A  few  local  sections,  however,  may 
be  added  here,  to  show  that  in  places  at  least  this  sandstone  is  much 
higher  even  than  basal  Ordovicic. 

Encampment  d'Ours,* — On  this  island  in  the  south  channel  (Lake 
Huron)  the  base  of  the  section  is  formed  by  the  quartzites  and  slates  of 
the  Huronian  series,  upon  which  rest  imconformably  100  feet  or  more 
of  light  colored  soft,  sometimes  conglomeratic,  sandstone.  This  is  suc- 
ceeded conformably  by  60  feet  of  shades  and  limestones.  The  lower  beds 
of  this  series  are  "prevalently  arenaceo-calcareous  shales  of  a  dusky  green 
or  bluish  color.**     They  contain  the  following  species: 

Species  of  the  lower  Bed  Range  Elsewhere 

Camarotoechia  plena  Hall Chazy. 

Raflnesquina  altemata  (Ck>nrad)  small  var.Chazy  to  Richmond. 

Cyriodonta  huronensis  Bill Stones  River  to  Trenton. 

C.  suhtruncata  

Vanuwemia  inconstans  Bill Black  River  to  Trenton. 

MatheHa  tener  Bill Trenton. 

Liospira  eugenia  (Bill.) Black  River. 

Orthoceras  multicameratum  Emmons Stones  River  to  middle  Trenton. 

O.  granulosum  Rominger 

Stictopora  ramosa  Hall Stones  River. 

Callopora  ramosa  (D'Orbigny)  Lorraine. 

Columnaria  cystoceras,  etcetera. 

•  Rominger :  Report  on  Paleozoic  rocks  of  Upper  peninsala  of  If Ichisan.  Mlehlgao 
Geological  Survey,  vol.  1,  pL  III.  1878,  p.  64. 
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This  fauna  is  clearly  of  early  Trenton  (Black  River)  or  Chazy  age — 
a  fact  which  makes  the  underlying  sandstone  more  nearly  equivalent  to 
the  Saint  Peter  of  Minnesota  (transgressional  portion;  see  beyond)  than 
to  any  part  of  the  basal  sandstone  series  of  the  Upper  Mississippi  r^on. 

On  Sulphur  island  higher  strata  rest  upon  the  Huronian  quartzites 
without  the  intervention  of  the  sandstones.*  This,  as  suggested  by 
Rominger,  very  likely  represents  a  submerged  reef  or  mound  of  the  Bara- 
boo  type  of  Wisconsin ;  but  this  does  not  seem  to  be  the  case  in  the  En- 
campement  d^Ours  section,  where  a  great  thickness  of  strata,  comparable 
to  the  basal  Superior  sandstone,  succeeds  the  Huronian.  There  can  be 
little  question  that  at  this  portion  of  the  shore  the  Middle  Ordovicic 
strata  overlapped  the  Cambric  and  rested  with  a  basal  sandstone  on  the 
pre-Cambric.  The  reference  of  this  bed  to  the  Cambric  is  clearly 
erroneous. 

On  the  island  of  Lacloche  (Cloche  island)  a  similar  reddish,  greenish, 
and  whitish  sandstone,  from  20  to  30  feet  thick,  rests  on  the  pre-Cambric 
crystallines.  It  passes  upward  into  arenaceous  dolomites  and  limestones 
with  an  abundance  of  fossils,  which  first  appear  in  the  upper  layers  of 
the  sandstone  and  which  clearly  establish  the  age  of  the  formation  as 
Black  Eiver.  The  probable  identity  of  this  sandstone  and  that  on  Saint 
Joseph  and  Encampement  islands  with  the  Saint  Marys  sandstone  of 
Sault  Sainte  Marie  was  early  pointed  out  by  Logan,  who  considered  it 
improbable  that  these  sandstones  are  the  equivalent  of  the  Potsdam  of 
NTew  York. 

Prom  a  number  of  localities  a  siliceous  dolomite  varying  up  to  100 
feet  in  thickness  has  been  recorded  as  lying  above  the  Superior  sandstone; 
this  formation,  named  the  Hermansville  limestone  by  van  Hise  and 
Bayley,t  is  generally  regarded  as  of  Beekmantown  age,  though  the  evi- 
dence for  this  is  by  no  means  conclusive.  In  the  Iron  Moimtain  region 
Upper  Cambric  fossils  are  recorded  from  the  basal  sandstone,  but  this 
does  not  prove  that  the  basal  sandstone  of  Marquette  and  the  pictured 
rocks  is  of  the  same  age.  In  fact,  from  their  position  with  reference 
to  the  transgression  of  the  Cambric  sea,  these  more  northern  sandstones 
must  be  regarded  as  of  later  age  than  that  of  the  Menominee  district. 
If  the  Hermansville  limestone  (Auxtrains  formation  would  be  a  better 
name,  from  the  more  typical  exposure  on  that  stream)  proves  eventually 
to  be  Beekmantown  rather  than  Chazy  (that  is.  Upper  Stones  River  or 
Lowville),  the  late  Cambric  or  early  Ordovicic  age  of  pari;  of  the  Superior 
sandstone  must  be  conceded.  In  that  case,  however,  the  basal  sandstone 
of  Sault  Sainte  Marie  and  eastward  is  of  much  later  age,  belonging  to 

^  Rominger :  Loc  dt. 
t  llttiomJiiee   foUo. 
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posirSamt  Peter  time,  the  great  Saint  Peter  hiatus  separating  it  from  the 
basal  sandstone  of  Cambric  age. 

Western  AdirondacJcs  and  Canada. — Along  the  western  flanks  of  the 
Adirondacks  the  Lowville  (upper  Chazy)  overlaps  the  preceding  forma- 
tions and  rests  with  a  basal  sandstone  upon  the  crystallines.  This  sand- 
stone grades  upward  through  a  calciferous  sandrock  into  the  purer  lime- 
stone. The  calciferous  member  has  been  compared  with  the  Calciferous 
or  Beekmantown  of  the  Mohawk  and  Champlain  valleys,  with  which  it 
agrees  in  lithic  character;  but  it  is  evidently  a  much  higher  member  of 
the  Ordovicic  series.  This  basal  bed  is  traceable  northward  to  the 
Frontenac  axis,  on  the  west  side  of  which,  as  at  Kingston,  Ontario,  it  is 
a  well  marked  basal  sandstone — ^the  Hideau.  This  sandstone  was  for- 
merly regarded  by  Canadian  geologists  as  Potsdam,  and  the  overlying 
formation  has  been  referred  to  the  "Calciferous'*  (Beekmantown),  with 
which  it  agrees  in  lithic  character.  The  occurrence  in  these  overlying 
beds  of  Black  Biver  fossils,  however,  proved  this  correlation  to  be 
erroneous,  and  Ami  suggests  that  the  basal  sandstone  bed  may  be  the 
shore  equivalent  of  the  Chazy.  Wilson,*  on  the  other  hand,  thinks  it  is 
the  basal  arenaceous  member  of  the  lower  Black  Biver;  and  this  is  prob- 
ably more  nearly  in  accord  with  the  facts. 

In  this  section  and  elsewhere  in  Canada  the  Trenton  limestones  (Black 
Biver)  have  been  found  to  rest  in  places  directly  upon  the  crystallines 
without  intervention  of  basal  beds.  This  fact,  as  in  the  case  of  Sulphur 
island,  is  probably  to  be  explained  by  assuming  a  slowly  submerged  island 
or  reef  of  small  extent,  from  which,  in  the  deepening  sea,  the  siliceous 
elastics  would  be  removed  by  the  agitated  waters. 

On  the  whole,  it  may  be  confid^itly  asserted  that  it  is  extremely  im- 
probable that  Potsdam  or  other  Upper  Cambric  formations  occur  in 
Ontario  west  of  the  Frontenac  axis  or  east  of  the  Sault  Sainte  Marie,  and 
that  the  basal  sandstone  in  all  this  region  is  therefore  of  later  age,  prob- 
ably in  most  cases  of  late  Chazy  or  early  Trenton. 

East  of  the  Thousand  islands  the  Potsdam  sandstone  of  New  York  has 
been  traced  northward  to  the  Ottawa,  and  then  eastward  past  Montreal, 
along  the  Saint  Lawrence.  In  some  localities  along  this  line  the  fossil- 
iferous  limestones  of  the  Beekmantown  overlap  the  basal  sandstone  and 
rest  directly  upon  the  crystallines.  In  typical  exposures  the  Potsdam 
grades  up  into  the  Beekmantown  or  Calciferous,  the  fossils  of  which  are 
types  found  near  the  middle  of  the  Beekmantown  of  the  Champlain  valley. 
At  Prescott  and  Maitland  nearly  80  feet  of  limestones,  shales,  and  sand- 
stones overlie  the  Potsdam,  and  the  lower  portion  of  this  series  carries 

•  A.  W.  G.  WUaon :  Canadian  Record  of  Sciences,  vol.  iz,  1908,  p.  xas. 
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ScolUhes  canadensis.  The  section  terminates  with  a  coneretionazy  bed, 
which  at  Grenville,  where  these  fossiliferous  beds  rest  directly  upon  the 
crystallines,  is  followed  conformably  by  Chazy.  Unless  there  is  an  nn- 
recognized  hiatus  here,  the  Calciferous  of  this  section  represents  only  the 
uppermost  Beekmantown  of  the  Champlain  valley,  where  this  formation 
has  a  thickness  of  1,800  feet,  according  to  Brainard  and  Seeley.*  If  this 
is  the  case,  then  the  Potsdam  of  this  series,  since  it  forms  a  continuous 
series  with  the  Beekmantown  beds  overlying,  is  also  of  Beekmantown  age; 
for  it  is  hardly  conceivable  that  under  apparently  uniform  conditions 
1,800  feet  of  limestones  should  accumulate  in  the  Champlain  valley,  while 
less  than  100  feet  accumulated  in  the  Ottawa  region.  Even  if  a  hiatus 
exists  between  the  Beekmantown  and  Chazy  of  the  Ottawa  Biver  sectionB, 
we  can  still  regard  the  Calciferous  and  Potsdam  of  these  sections  as  above 
the  base  of  the  Beekmantown  of  the  Champlain  valley,  since  the  f  aima  is 
more  comparable  to  that  of  the  later  Beekmantown  of  the  Champlain 
valley.  If  this  deduction  is  sound,  it  leads  us  to  question  the  Cambric 
age  of  all  the  Potsdam  of  the  Ottawa  river  and  the  Riviere  du  Nyd.  The 
fossils  found  in  this  basal  sandstone  are  the  worm  tube  Scolithes  caruh 
densiSj  and  the  peculiar  tracks  called  Protichnites,  besides  Linguiepis 
acuminatus,  Ophileta  compacta,  Pleurotomaria  cf.  lawrentina,  and  frag- 
ments of  Orthoceras.  The  species  of  gastropods  are  also  characteristic  of 
the  Calciferous  of  these  regions,  in  which  formation  also  occurs  a  species 
of  Scolithes.  Lingulepis  acuminata  is  not  strictly  a  Cambric  fossil,  for 
the  species  is  found  to  range  up  into  the  Beekmantown  at  Whitehall, 
New  York,  and  in  Saint  Lawrence  county.  Ophileta  compacta  also 
occurs  in  the  upper  beds  of  the  Chateaugay  section  in  what  is  considered 
typical  Potsdam  sandstone,  associated  with  Lingulepis  acuminata,  DiceU 
locephalus  sp.  ?,  and  Ptychaspis  sp.  ?t 

One  hundred  and  fifty  miles  up  the  Ottawa  from  Qrenville,  at  the 
AUumette  rapids,  near  Pembroke,  the  Chazy  rests  with  a  basal  conglomer- 
ate upon  the  gneiss,  and  at  Saint  Ambroise  the  Trenton  rests  upon  the 
crystallines  with  only  20  feet  of  sandstones  intervening.  This  sandstone 
has  been  referred  to  the  Potsdam,  but  it  is  more  probably  referable  to  the 
lower  Trenton. 

Basai  Paleozoic  beds  of  the  Rocky  Mountain  region, — Wherever  the 
Paleozoics  are  exposed  in  contact  with  the  crystallines,  a  basal  sandstone 
or  conglomerate  forms  the  base  of  the  series.  In  a  number  of  localities 
this  basal  sandstone  (Sawatch  quartzite)  carries  a  Dicellocephalus  fauna, 
as  in  Gunnison  county  (Crested  Butte),  at  Aspen,  the  Eagle  river  and 

•  Bull.  Amer.  Mus.  Nat.  Hist,  vol.  Ill,  1890,  no.  1,  pp.  2,  8. 
tWalcott:  Correlation  papers,  Cambrian,  p.  848,847. 
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Teninile  difitricts,  at  LeadyiUe,  and  elsewhere.  At  Manitou  park  100  feet 
of  sands  lie  between  the  fossiliferous  Ordovicic  limestones  and  the 
granite.  In  the  upper  bed  of  this  sandstone  series  Lingnlepis  and  Obolns 
have  been  found,  on  the  strength  of  which  discovery  these  sandstones  are 
referred  to  the  Cambric.  At  another  point  in  the  Park  the  thickness  of 
this  series  is  86  feet^  while  in  still  another  section  40  feet  of  sandstone 
intervene  between  the  granite  and  the  Ordovic  limestone. 

The  section  at  Perry  park  was  examined  by  the  writer.  On  the  granite 
lie  about  100  feet  of  sandstones,  with  some  cherty  limestones,  followed 
by  a  thin  bed  of  brecciated  rock  in  which  the  fragments  are  limestone  and 
chert.  This  is  immediately  succeeded  by  a  cherty  limestone  carrying 
Carbonic  fossils  and  referable  to  the  Milsap  limestone  of  Cross.  The 
brecciated  bed  may  indicate  a  line  of  disconformity,  which  would  justify 
the  reference  of  the  basal  sands  to  the  Upper  Cambric.  On  the  other 
hand,  the  bed  referred  to  shows  no  evidence  of  so  extensive  an  erosion 
interval  as  would  be  necessary  to  make  the  basal  bed  Cambric.  There 
seems  to  1^  no  valid  reason  why  we  should  not  return  to  the  earlier  view, 
namely,  that  these  basal  beds  are  also  Carbonic,  resting  by  overlap 
directly  upon  the  granite.  If  this  is  the  case,  this  sandstone  is  probably 
not  continuous  with  the  basal  sandstone  of  Manitou,  the  overlap  being  of 
the  irregular  instead  of  the  progressive  type. 

Another  section  was  examined  by  the  writer  in  Williams  canyon,  near 
Manitou  Springs,  and  a  detailed  analysis  of  the  beds  was  made.  The 
basal  portion  was  also  examined  in  Queens  canyon.  In  both  cases  lime- 
stones with  Ordovicic  fossils  were  found  a  short  distance  above  the  basal 
sandstone,  of  which  there  are  48  feet  in  Williams  canyon  and  less  than 
half  that  amount  in  Queens  canyon.  At  Canyon  City,  Walcott  found  the 
Harding  sandstone  resting  imconformably  on  the  Algonkian  gneiss  and 
miscaceous  schist.  The  base  is  a  6-foot  bed  of  coarse  light  gray  sand- 
stone, followed  by  sandstones  becoming  gradually  more  reddish  and 
purplish  and  containing  a  Lower  Trenton  moUuscan  fauna.  With  these 
occurs  the  remarkable  fish  fauna  characteristic  of  this  formation.*  Else- 
where in  this  region,  however.  Lower  Ordovicic  limestones  and  basal  sand- 
stones referred  to  the  Cambric  occur  below  the  Harding. 

The  basal  sandstones  of  the  Front  range,  except  in  such  cases  as  the 
Harding  sandstone,  are  generally  regarded  as  of  Upper  Cambric  age. 
That  some  of  these  sandstones  are  of  later  age  than  Cambric,  representing 
the  continuous  encroachment  of  the  sea  into  Ordovicic  time,  can  hardly  be 
questioned.  In  fact,  from  the  character  of  the  few  fossils  found  in  the 
limestones  immediately  overlying,  there  is  some  reason  to  believe  that  in 

•Walcott:  BuU.  Qeol.  Boc.  Am.,  toI.  8»  1892,  pp.  16S-172. 
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the  Manitou  Springs  region  the  basal  sandstone  is  Lower  Ordovicic  rather 
than  Cambric.  That  continued  encroachment  of  the  sea  caused  the  over- 
lap of  the  Ordovicic  is  shown  in  a  number  of  cases  along  the  Front  range. 

In  the  Sangre  de  Cristo  range  the  Arkansas  sandstone  of  Carbonic  age 
overlaps  the  Lower  Paleozoics,  resting  for  the  most  part  directly  on  the 
granite  foundation  of  the  range.  This  case,  however,  is  probably  not  an 
example  of  progressive  overlap,  but  of  the  irregular  type. 

Foreign  examples. — The  basal  Paleozoic  section  of  the  north  of  Scot^ 
land  famishes  a  record  of  nearly  continuous  subsidence,  and  therefore  of 
progressive  advance  of  the  sea  on  the  land  of  that  period.  Besting  tm- 
comformably  on  the  pre-Cambric  Torridon  sandstone  is  a  basal  conglomer- 
ate with  pebbles  up  to  an  inch  in  diameter,  made  of  the  underlying  mar 
terial.  This  passes  upward  into  cross-bedded  sandstones  and  arkofles, 
which  in  turn  grade  upward  into  the  ''pipe  rock,**  a  fine  quartzite  pene- 
trated by  numerous  worm  tubes  (Scolithes  sandstone,  Eriboll  quartzite). 
These  basal  elastics,  probably  in  part  non-marine,  are  from  460  to  600 
feet  thick,  and  are  succeeded  by  mudstone,  the  so-called  Pucoid  beds,  in 
which  calcareous  sediment  first  appears.  This  is  the  beginning  of  the 
granular  dolomite  which  becomes  most  characteristic  of  the  upper  beds. 
The  dolomites,  with  a  thickness  of  perhaps  1,500  feet  (calciferous  sand- 
rock  or  Durness  limestone  series  of  Scottish  geologists),  ranges  in  age 
from  Cambric  to  Lower  Ordovicic.  The  calcareous  beds  bear  evidence 
of  accumulating  in  quiet  water,  yet  there  is  near  the  middle  of  the  series 
a  cross-bedded  sandstone,  which  indicates  an  interruption  and  temporary 
return  of  shore  or  dry  land  conditions,  after  which  oflfshore  sedimentation 
again  took  place  in  this  region. 

This  section,  then,  indicates  that  a  progressive  subsidence  took  place 
(interrupted  by  the  interval  referred  to),  and  that  hence  we  must  look 
somewhere  for  successive  overlapping  of  the  beds  and  the  rise  of  the 
basal  elastics  in  the  series.  The  record  of  overlapping  has  been  destroyed 
by  erosion  in  the  northern  area,  but  in  Wales  we  still  find  traces  of  it.  In 
southern  Wales  the  basal  beds  of  the  Cambric  are  conglomerates,  sand- 
stones, and  shales,  with  lower  Cambric  fossils,  and  1,570  feet  thick 
(Caerfai  group).  They  are  succeeded  by  1,800  feet  of  sandstones  and 
slates,  with  mid-Cambric  fossils  (Solva  group),  and  higher  still  by  750 
feet  of  shales  and  grits,  with  Paradoxtde  daudis  and  P.  hicJcsii  (Mene- 
vian).  These  are  followed  by  the  Lingula  fiags  (2,000  feet),  and  are 
later  succeeded  by  the  Tremadoc  slates  (1,000  feet),  which  are  regarded 
by  British  geologists  as  forming  the  top  of  the  Cambric,  but  are  classed 
by  continental  geologists  with  the  basal  Ordovicic.  There  is  a  record  of 
subsidence  here,  but  the  subsidence  is  not  so  marked,  nor  is  the  shore  zone 
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removed  to  the  extent  shown  in  northern  Scotland.  The  deposits  here, 
aggregating  7,000  feet  in  thickness,  are  terriginons  throughout  In 
western  England  the  Cambric  beds  have  a  more  oifshore  character,  con- 
sisting of  basal  sandstones,  followed  by  calcareous  beds  and  by  the  Dicty- 
onema  and  Shineton  shales.  There  are  some  intercalated  conglomerates, 
and  the  thickness  of  the  series  is  much  less  than  in  Wales,  thereby  indi- 
cating some  oscillating  conditions.  On  the  whole,  however,  there  seems 
to  have  been  a  steady  advance  of  the  sea  westward. 

In  northern  Wales  the  lowest  Cambric  beds  are  the  Llanberis  slates, 
3,000  feet  thick,  and  the  Harlech  grits,  a  continental  formation  6,000 
feet  thick.  This  is  followed  by  225  feet  of  Menevian,  and  then  by  3,100 
feet  of  the  Lingula  flags  (Upper  Cambric),  which  in  turn  are  succeeded 
by  the  Tremadoc  (1,000  feet).  The  Llanberis  slates  rest  upon  quartz 
felsite,  and  have  furnished  Conocoryphe  and  Hyolithes.  They  are  most 
probably  to  be  classed  as  Middle  Cambric,  which  fixes  the  transgression 
as  of  that  data  in  north  Wales.  The  transgression  readied  Anglesea,  in 
northwestern  Wales,  toward  the  close  of  Cambric  time ;  for  here  the  pre- 
Cambric  crystallines  are  succeeded  by  basal  quartz-jasper  conglomerates 
of  Tremadoc  age,*  all  the  earlier  beds  having  come  to  an  end  and  being 
overlapped  by  the  highest  of  the  series.  The  fossiliferous  Tremadoc  beds 
pass  upward  into  beds  with  Arenig  fossils,  f  The  basal  conglomerate  thus 
rises  in  the  scale,  until  from  Lower  Cambric  in  southern  Wales  it  has 
become  uppermost  Cambric  in  northwestern  Wales. 

In  Scandinavia  the  basal  Cambric  is  the  Fucoidal  sandstone,  which 
appears  to  represent  a  reworked  continental  deposit,  as  indicated  by  the 
presence  of  the  "drei-kanter.*'  This  sandstone  is  probably  not  of  the 
same  age  throughout,  but  represents  higher  and  higher  horizons  toward 
the  old  land,  though  still  holding  its  place  as  a  basal  bed  resting  directly 
upon  the  crystallines.  J  It  represents,  in  other  words,  a  basal  clastic  of  a 
transgressing  sea. 

The  well  known  fact  that  the  lowest  Cambric  deposits  of  Bohemia  arc 
of  Middle  Cambric  age  may  be  cited  as  another  example  of  the  overlap  of 
higher  on  lower  formations  in  a  continually  transgressing  sea.  The  basal 
beds  resting  directly  upon  the  pre-Cambrics  are  coarse  conglomerates  and 

•  Hughes :  Quart.  Jour.  Geol.  Soc.,  vol.  xxxvl,  p.  237 ;  xzzvlll.  p.  16. 

t  Professor  Hughes,  In  his  second  communtcRtion,  refers  the  species  of  Orthls  found  In 
the  sandstones  above  the  basal  conglomerate,  which  he  formerly  Identified  as  O.  cojwu- 
9ii,  an  Arenig  or  Tremadoc  species,  to  O.  hickBii,  a  Menevian  species,  making  the  two 
types  con-speclflc.  On  the  strength  of  this,  he  suggests  the  possible  Menevian  age  of  the 
basal  Cambric  beds  of  Anglesea.  Since  they  are,  however,  followed  without  break  by 
typkal  Arenig  strata,  and  since  the  species  of  Orthls  found  Is  a  typical  Treoudoc  and 
Arenig  species,  even  though  considered  only  a  variety  of  the  Menevian  O.  liicMi,  tbe 
r«ferenot  of  these  basal  beds  of  Anglesea  to  the  Tremadoc  is  probably  correct 

tSee  Nathorst:  8ver(ges  Geologl,   p.  146. 
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sandstones,  fhe  age  of  which  is  regarded  as  that  of  the  Paradaxides 
celandicus  zone — ^that  is,  some  distance  up  in  the  Middle  Cambric. 

THE  BABAL  MBBOZOJO  BBRIBB 

The  Central  area. — At  the  beginning  of  Mesozoic  time  the  North 
American  continent  was  mostly  dry  land.  Transgression  of  the  sea 
began  in  Jurassic  time  in  the  Mexico  area,  and  progressed  northward 
and  westward,  with  some  oscillations,  to  southern  Colorado  and  Ne- 
braska, and  possibly  to  southern  Dakota,  when  a  period  of  extended 
retreat  was  inaugurated,  as  recorded  in  the  Dakota  sandstone.  The 
record  of  the  advance  is  embodied  in  the  basal  sands  of  the  Comanche 
series  of  Texas  and  the  states  immediately  to  the  north.  The  progressive 
advance  of  the  sea  and  the  resultant  rising  of  the  basal  sandstone  in  the 
scale  have  been  discussed  in  detail  by  Hill,  who  divides  the  series  as 
follows  :♦ 

{Buda  limestone. 
Denlson  formation. 
Fort  Worth  formation. 
Preston. 

{Edwards  formation. 
Comanche  Peak. 
Walnut 

I  Paluxey. 

Trinity <  Glen  Rose. 

(^Travis  Peak. 

In  central  Mexico  the  Comanchean  series  is  composed  mainly  of  lime- 
stones which  succeed  the  Upper  Jurassic  Aucella  beds  with  perfect  con- 
formity and  continuity  of  deposition.  The  Jurassic  beds,  however,  rest 
unconformably  upon  the  earlier  formations,  with  a  basal  sand  and  con- 
glomerate.! 

On  the  tropic  of  Cancer  the  basal  bed  has  risen  into  the  base  of  the 
Comanchean  series,  the  overlying  beds  changing  progressively  through 
arenaceous  and  calcareous  clays  to  limestones  (Tehuacan  limestones). 
Prom  this  point  northward  to  Texas  and  into  Indian  Territory  the  basal 
bed  rises  progressively  in  the  series,  but  with  several  retreatal  movements, 
which  will  be  referred  to  more  fully  below.  The  general  advance,  how- 
ever, is  indicated  by  the  change  in  character  and  thickness  of  the  forma- 
tions.   Thus,  at  Austin,  Travis  Peak  beds  are  over  800  feet  thick,  and 

•  B.  T.  Hill :  Twenty-flrst  Ann.  Kept  U.  8.  Geological  Survey,  pt  7,  p.  115. 
t  B.  T.  HiU :  Am.  Journal  of  Science.  toI.  zlv,  1893,  p.  811. 
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begin  with  basal  sands  and  conglomerates.  More  than  two-thirds  of  the 
formation  is  limestone,  and  it  is  succeeded  by  600  feet  of  Glen  Rose  lime- 
stone, the  Paluxy  being  undeveloped  as  a  sandstone.  At  Twin  mountain, 
in  Erath  county,  Texas,  the  Glen  Rose  is  a  slightly  siliceous  limestone 
5  feet  thick,  and  is  inclosed  between  115  feet  of  basal  sands  and  conglom- 
erates and  190  feet  of  Paluxy  sands.  At  Decatur,  Wise  county,  nearly 
100  miles  northeast  along  the  strike  from  the  preceding  locality,  the 
merest  trace  of  the  Glen  Rose  limestone  appears  between  200  feet  of  basal 
sand  and  125  feet  of  Paluxy.  This  indicates  the  uniform  thinning  north- 
westward of  the  formation,  largely  by  disappearance  through  overlap  of 
the  basal  members.  The  age  of  the  basal  bed  at  the  localities  of  the  last 
two  sections  is  clearly  Glen  Rose,  though,  as  will  be  shown  later,  it  is 
nearer  the  middle  than  the  upper  part  of  the  formation. 

Along  the  Texas-Indian  Territory  line  the  Trinity  beds  have  disap- 
peared by  overlap  of  the  Fredericksburg.  Here  the  basal  bed  is  known  as 
the  Antlers  sands,  and,  though  spoken  of  as  Trinity  by  Hill,  clearly  be- 
longs in  the  Fredericksburg,  since  the  overlying  limestone  (the  Goodland) 
is  only  26  feet  thick,  whereas  the  Comanche  Peak  and  Edwards  lime- 
stones, which  it  represents,  are  350  feet  thick  in  the  Austin  region  and 
approximate  700  feet  on  the  Rio  Grande.  In  western  Texas,  in  New 
Mexico,  and  in  southern  Kansas,*  the  upper  Fredericksburg  beds  are 
represented  only  by  shore-derived  elastics.  In  southern  Kansas  they  are 
the  plant-bearing  Cheyenne  sandstone,  which  rest  directly  upon  the  Red 
beds  (Permian)  and  have  a  thickness  of  65  feet.  They  are  followed  by 
the  Kiowa  shales,  with  Oryphs&a  corrugata,  which  have  been  found  to  ex- 
tend northward  into  southern  Colorado,  where  they  overlie  the  Morrison 
formation.!  It  is  not  impossible  that  this  horizon  or  a  somewhat  higher 
one  will  be  traced  north  as  far  as  the  Black  hills,  where  a  thin  limestone 
band  holds  the  proper  position.  As  will  presently  appear,  only  the  lowest 
Washita  beds  are  deposited  over  this  more  northern  area,  the  Dakota 
regression  beginning  in  early  Washita,  if  not  actually  at  the  beginning  of 
Washita  time,  and  continuing  throughout  that  epoch. 

The  West  Coast  transgression, — Marine  Mesozoics  are  found  in  various 
parts  of  the  Pacific  coast  province  of  North  America.  The  series  begins, 
as  far  as  we  know,  with  Lower  Triassic,  though  the  lowest  Triassic  (lower 
Brahminic)  has  not  yet  been  found.  In  the  Meekoceras  beds  of  the  Aspen 
Mountain,  upper  Brahmanic  and  lower  Jakutic  horizons  are  known,  the 
former  (with  Meekoceras,  Aspidites,  Pseudosageceras,  Ophiceras,  Propty- 
chites,  etcetera)  occupying  the  lower  700  feet  and  resting  upon  Carbonic 

*  Protter :  Geological  Snrvey  of  Kansas,  vol.  11,  p.  96. 
t  Stanton :  Science,  n.  b.»  vol.  xxU,  p.  766. 
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strata.  Higher  up  in  the  series  occurs  Pseudomonotis  pealei,  represent- 
ing the  lower  Jakutic  stage.  Less  than  30  miles  east,  in  the  Salt  Biver 
range  of  Idaho,  the  Pseudomonotis  pealei  beds  rest  on  limestone  with 
Productus  muUistriatus*  thus  indicating  an  eastward  overlap. 

In  the  Humboldt  mountains  of  Nevada  the  Star  Peak  group  of  more  or 
less  arenaceous  limestones,  which  represents  the  middle  and  upper  Miis- 
chelkalk  horizon  (Anisic  and  later),  rests  on  the  metamorphic  Koipato 
formation.  If  no  lower  horizon  is  observed  in  the  Star  Peak  series,  an 
eastward  overlap  is  indicated,  since  the  Meekoceras  beds  are  present  in  the 
Inyo  mountains  of  eastern  California. 

A  typical  case  of  overlapping  of  formations  due  to  the  encroachment  of 
the  sea  exists  in  the  Shasta-Chico  series  of  Oregon,  Washington,  and 
British  Columbia.  The  series  rests  unconformably  upon  an  old  land  sur- 
face composed  of  more  or  less  metamorphosed  strata,  ranging  in  age  from 
Paleozoic  to  Jurassic  and  complicated  by  igneous  intrusions.  A  basal 
sand  or  conglomerate  is  generally  present  and  sometimes  seems  to  grade 
downward  into  the  rocks  of  the  old  land,  owing  to  the  apparent  slight 
rearrangement  of  the  disintegration  soil  formed  by  the  decay  of  the 
crystallines.  The  Lower  Shasta  or  Knoxville  beds  extend  north  to  the 
Shasta  county  line  in  California,  where  they  are  overlapped  by  the  Upper 
Shasta  or  Horsetown  beds,  which  extend  126  miles  beyond  the  Knoxville. 
In  this  distance  the  higher  beds  of  the  Horsetown  progressively  overlap 
the  lower  ones.  Where  the  Horsetown  beds  come  to  an  end,  the  Chico 
overlap  them,  resting  unconformably  on  the  metamorphics.  ^T?he  sub- 
sidence continued  tmtil  the  sea  reached  the  western  base  of  the  Sierra 
Nevada,  near  the  fortieth  parallel,  and  all  or  nearly  all  that  part  of 
California  north,  northwest,  and  west  of  Lassen  peak,  as  well  as  almost 
the  whole  of  Oregon,  was  beneath  its  waters."! 

Foreign  examples. — The  Hils  of  Germany  has  long  been  recognized  as 
a  typical  basal  formation  of  the  transgressing  sea  of  early  Neocomian 
time.  This  formation  consists  of  a  series  of  clays,  with  sandstones  and 
conglomerates  at  the  base.  They  rest,  with  an  hiatus,  on  various  members 
of  tiie  upper  Jura  from  Kimmeridgian  to  Purbeckian,  containing  peb- 
bles and  worn  fossils  of  these  in  the  basal  bed.  The  age  of  the  basal  bed 
of  the  Hils  varies,  ranging  from  lowest  Neocomian  to  post-Wealden,  as 
shown  by  the  succeeding  fossiliferous  clays  in  the  various  localities.  This 
rise  of  the  basal  bed  in  the  column  marks  the  progressive  advance  of  the 
Neocomian  sea  over  central  Europe. 

A  comparison  of  the  English  and  Irish  Cretacic  brings  out  an  interest- 

*  A.  C.  Peale :  Bull.  U.  S.  Geological  and  Geographical  Survey,  vol.  v,  no.  1,  p.  121. 
t  J.  8.  Diller :  Bull.  Geol.  Soc.  Am.,  vol.  4,  p.  27. 
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ing  correspondence  in  the  lithic  character  of  the  sections  when  read  from 
the  base  upward;  but  this  correspondence  is  not  parallel  in  synchronous 
formations^  for  the  base  of  the  Irish  Cretacic  is  much  higher  than  that  of 
the  English.     The  following  sections  will  illustrate  this  point : 


Figure  S. — Diagrammatic  Comparison  of  Irish  and  BngUsh  Oretactc. 

In  England  the  basal  formation  is  the  lower  Greensand  (Aptian), 
which  rests  on  th^  non-marine  Wealden,  and  is  a  glauconite  and  clay 
formation  with  basal  conglomerates.  The  corresponding  lithic  bed  in 
Antrim  county,  Ireland,  is  the  Cenomanian,  which  rests  on  Lias  and 
Ehaetic.  The  distance  is  from  300  to  400  miles,  in  which  interval  the 
lower  Greensand  and  Gault  have  disappeared  by  overlap,  bringing  the 
Cenomanian  directly  on  the  old  land  surface.  During  the  advance,  how- 
ever, the  deepening  of  the  English  area,  and  above  all  the  removal  of  the 
coast,  permitted  the  deposition  of  chalk  in  that  region,  so  that  the 
Cenomanian  of  England  is  a  chalk,  though  it  still  contains  Greensand 
and  marl.  It  is  the  Lower  Chalk  of  the  British  geologists.  The  corre- 
sponding lithic  bed  of  Ireland — that  is,  the  Lower  Chalk  of  Ireland, 
lithically  considered — is  lower  Senonian.  Between  this  and  the  basal 
Lower  Greensand  (Cenomanian  of  Ireland,  Aptian  of  England)  is  a 
glauconitic  sand,  clay,  and  marl  formation,  which  in  England  is  the  Gault 
or  Upper  Greensand  (Albian),  while  in  Ireland  it  is  the  Turonian,  and 
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in  part  perhaps  Upper  Cenomanian.  The  Turonian,  or  Middle  Chalk  of 
England,  is  already  a  pure  white  chalk,  a  lithic  characteristic  attained  in 
Ireland  only  in  the  upper  Senonian.  Thus  a  regular  and  progressive  ad- 
vance of  the  sea  from  southeast  to  northwest  is  indicated,  with  a  corre- 
sponding change  in  lithic  character  as  the  sea  advanced. 

The  Nubian  sandstone  of  North  Africa  and  Asia  Minor  appears  to 
present  another  case  of  a  lithic  formation  rising  progressively  in  the  time 
scale.  It  is  the  basal  sandstone  of  the  Cenomanian  and  later  trans- 
gression, and  is  probably,  in  part  at  least,  a  non-marine  deposit  reworked 
by  the  advancing  sea.  In  mount  Lebanon,  where  this  sandstone  is  1,600 
feet  thick,  it  is  succeeded  by  Turonian  strata,  while  in  the  Lybian  desert 
Senonian  chalk  follows  it,  making  the  age  of  the  sandstone  itself  prob- 
ably TuroniaiL 

Pboorbssive  Overlap  and  the  Blaoe  Shale  Problem 

Wherever  the  relief  of  the  land  has  been  reduced  to  the  condition  of 
a  peneplain,  the  rock  surface  of  the  old  land  becomes  mantled  with  the 
products  of  subaerial  decay.  Prolonged  exposure  to  this  process  results 
in  the  complete  disintegration  of  the  mineral  constitutents  of  the  rocks, 
and  in  the  removal,  by  solution,  of  all  soluble  portions.  When  the  rock 
of  the  old  land  surface  is  a  limestone,  only  the  finest  residual  clay  soil 
will  remain  behind.  The  surface  of  a  peneplain  is  preeminently  char- 
aeterized  by  obstructed  drainage  conditions,  and  this  character  is  the 
more  pronounced  the  more  closely  the  surface  of  the  peneplain  approaches 
that  of  an  actual  plain;  hence  swampy  conditions  may  be  regarded  as 
normal  to  the  peneplain  surface ;  and  this  brings  us  to  the  conclusion  that 
the  residual  soils  of  such  an  area  must  be  highly  tinged  with  the  carbon 
of  the  decaying  vegetation.  On  old  limestone  surfaces,  the  clay  becoming 
thus  highly  stained  with  carbon  and  the  residual  soil  of  limestone  regions 
being  exceedingly  fine  in  texture,  it  follows  that  the  resultant  deposits 
from  such  areas  of  decomposition  will  be  a  fine  and  uniform  grained 
black  clay  rock.  When  the  sea  encroaches  upon  such  an  area  of  residual 
soil,  the  basal  formation  of  the  resulting  series  of  deposits  will  be  a 
black  shale,  succeeded  upward  generally  by  calcareous  members,  since 
the  shale  itself  constitutes  the  finest  clastic  of  shore-derived  origin,  and 
any  further  deposits  must  be  sea-derived — ^that  is,  organic  or  chemical 
precipitates.  It  is  by  no  means  implied  that  all  black  mud  deposits  origi- 
nate in  this  maimer.  The  black  muds  of  the  protected  lagoons  and  mud- 
fiat  areas  of  our  coasts  owe  their  color  and  carbonaceous  character  to  the 
growth  and  decay  of  the  sea  grasses  (Zostera,  etcetera)  and  the  animals 
living  buried  in  this  mud.    The  black  shales  of  the  Ohio  Upper  Devonic 
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probably  owe  their  color  to  the  presence  and  innumerable  minute  Bpores  of 
Ehizocarps,  Protosdlvinia  huronensis;  and  the  black  muds  of  partly  in- 
closed basins  like  that  of  the  Black  sea  are  deep-water  deposits,  where  in 
the  denser  lower  portions  of  the  water  HjS  is  generated  in  great  quantity 
by  the  activities  of  sulpho-bacteria.* 

If  we  now  set  out  to  interpret  the  black  shale  so  characteristic  of  the 
mid-Paleozoic  of  the  interior  region  of  North  America  by  the  light  of  the 
facts  gained  from  a  study  of  modern  black  mud  deposits,  we  are  con- 
fronted by  evidence  which  points  to  one  or  more  of  the  causes  cited  as 
probably  operative  in  the  production  of  this  deposit.  That  portions  of 
this  shale  are  due  to  deposition  in  a  relatively  inclosed  area,  under  con- 
ditions similar  to  those  existing  in  the  Black  sea  at  the  present  time, 
seems  probable,  since  some  of  these  shales  in  the  Portage  formation  of 
New  York  are  especially  rich  in  iron  sulphide,  and  are  further  character- 
ized by  the  presence  of  a  dwarf  faima,  such  as  is  found  to  be  buried  in 
the  black  muds  accumulating  in  the  Black  sea  today,  f  But  it  by  no 
means  follows  that  all  the  Black  shale  of  eastern  United  States  was  depos- 
ited in  this  manner;  indeed,  the  evidence  does  not  admit  it  even  as  a 
tentative  assumption.  The  facts  are  best  set  forth  by  a  review  of  the 
sections  in  which  the  Black  shale  holds  a  significant  position. 

Beginning  in  the  westernmost  area  of  its  development  on  the  Missis- 
sippi, we  find  a  significant  series  of  sections  which  may  form  the  basis 
for  the  interpretation  of  the  southern  shale  deposits.  The  following  sec- 
tion was  studied  by  the  writer  at  Louisiana,  Missouri,  the  northwestern- 
most  point  of  appearance  of  the  so-called  Devonian  Black  shale : 

Section  at  Louisiana,  Missouri 

Veet 

Louisiana  limestone. — Compact  limeBtone  or  calcihityte  resembling  litho- 
graphic limestone  60 

Immediately  below  this  limestone  is  a  bluish  gray  arenaceous  mud  rock, 
resembling  the  unweathered  Ohonopectus  sandstone  of  the  Burling- 
ton section ;  when  weathered  it  has  all  the  aspect  of  that  sandstone      1 

In  one  locality  the  lower  part  of  this  lower  bed  is  more  argillaceous, 
containing  a  fairly  rich  Klnderhook  fauna,  with  Spirit er  marionensis 
and  Productella  concentrica  predominating.  This  shale  passes 
downward  without  any  perceptible  break  into  black  fissile  rusty 
shale,  resembling  in  all  respects  the  Genesee  shale  of  New  York  or 
the  Black  shale  of  Ohio,  with  which,  on  this  account  and  on  account 
of  its  position,  it  has  been  identified 4 


*  Andumow :  La  Mer  Nolr. 

t  See  Clarke :  Naples  Fauna,  pt.  il,  Mem.  6,  N.  Y.  State  Museuin.     Also  F.  B.  Loomis : 
Bept.  State  Pal.,  1902. 
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Where  the  one-foot  bed  below  the  Louisiana  limestone  retains  Its  sandy 
character  throughout,  the  change  from  it  to  the  underlying  black 
shale  is  abrupt  in  color  and  texture,  but  there  is  no  indication  of 
discontinuity  of  deposition ;  the  Black  shale  and  the  overlying  beds 
represent  one  depositional  series. 

Below  the  Black  shale,  and  apparently  conformable  with  it,  is  a  brown, 

much  decomposed  limestone  of  arenaceous  texture % 

This  passes  downward  conformably  into  a  fine  grained  buff  siliceous 
limestone.  The  thickness  of  this  bed  varies  in  different  sections 
from   4  to  10 

Underlying  this  with  a  somewhat  irregular  contact  is  a  fossiliferous  lime 
rock  with  corals  and  Stromatoporolds  indicating  its  Silurlc  age. 

Although  the  contact  between  the  brown  fine  grained  limestone  and 
the  coarse  coral  limestonfe  is  somewhat  irregular,  there  is  no  direct  evi- 
dence of  a  stratigraphic  break  here.  The  irregularity  is  not  more  striking 
than  that  often  found  between  successive  tiers  of  limestones,  where  solu- 
tion along  the  contact  lines  will  necessarily  producie  minor  irregularities. 
Moreover,  the  lower  limestone  retains  its  thickness  and  character  in  all 
the  sections  examined,  while  the  upper  brown  limestone  varies  in  thick- 
ness from  place  to  place.  No  bedding  planes  are  visible  in  this  brown 
limestone,  and  the  bedding  planes  of  the  overlying  shale  are  apparently 
conformable  with  its  surface.  Nevertheless,  it  seems  as  if  the  line  of 
stratigraphic  unconformity  (disconformity)  is  to  be  sought  at  the  base 
of  or  within  the  Black  shale.  This  deposit  is  entirely  unfossiliferous, 
but  passed  upward  into  a  bed  with  Kinderhook  fossils. 

At  Burlington  the  Louisiana  limestone  is  underlain  by  25  feet  of  the 
Chonopectus  sandstone,  and  about  120  feet  of  a  similar  but  more  argilla- 
ceous rock,  which  probably  rests  upon  the  Devonic  limestones.  There  is 
nothing  at  Louisiana  to  represent  this  series,  except  the  1  foot  of  rock 
of  the  Chonopectus  sandstone  type  and  the  Black  shale.  It  is  true  that 
the  Louisiana  limestone  and  the  overlying  Hannibal  and  Choteau  beds 
form  a  greater  thickness  of  rock  below  the  Burlington  formation  at 
Louisiana  than  at  Burlington,  but  it  is  also  true  that  the  fauna  of  the 
Louisiana  limestone,  as  far  as  it  is  known,  is  a  higher  fauna  than  that 
of  the  Chonopectus  and  lower  beds.  While  the  base  of  the  Louisiana 
limestone  may  not  be  and  probably  is  not  synchronous  in  the  two  locali- 
ties, yet  it  seems  nevertheless  to  be  the  fact  that  deposition  of  the  Kinder- 
hook  began  in  the  Burlington  region  before  it  reached  the  Louisiana 
region.  Thus  there  appears  to  have  begun  a  southward  transgression 
of  the  sea  in  lower  Kinderhook  time,  and  the  Black  shale  of  the  Louisiana 
section  seems  to  be  the  basal  bed  of  the  series  in  that  locality. 


506      A.  Vr.  QEABAU — TYPB8  OF  8SDIMBNTABY  OVBBLAP 

That  this  shale  is  not  a  deep-water  deposit  seems  evident  from  its 
position  at  the  base  of  a  transgressive  series  of  deposits.  It  «eems  more 
in  accord  with  the  facts  to  consider  it  a  slightly  reworked  residual  soil, 
which  had  accumulated  on  the  old  limestone  land  surface,  probably  at 
the  summit  of  a  decomposed  mass  of  limestone^  of  which  the  brown  bed 
of  variable  thickness  is  the  consolidated  record. 

A  section  studied  by  Weller  near  Springfield,  Oreen  county,  south- 
western Missouri,  and  one  in  northern  Arkansas  has  a  significance  in  this 
connection.    The  first  of  these  is  as  follows: 


Saint  Joe  limestone — ^Burlington. 
Klnderbook,  consisting  of 

Pleraon  limestone,  a  fine  grained,  buff  colored  limestone  with 

upper  Ghoteau  fauna 8  to  10 

North  View  sandstone,  llthically  Identical  with  the  Vermicular 
or  Hannibal  sandstone  of  the  Mississippi  section,  but  having  a 
fauna  similar  to  that  of  the  upper  yellow  sandstone  of  Burling- 
ton    10  to  90 

Phelps  sandstone,  carrying  numerous  black  phosphatlc  nodules 

and  fragments  of  worn  fish  teeth,  Identified  as  Devonlc 0  to    4 

Sac  limestone,  a  hard  bluish  gray  compact  limestone,  with  a 

Ghoteau  fauna  Ito  18 

Bureka  (Noel)  black  shale,  with  Klnderhook  fossils Oto    4 

Disconformlty. 

Magneslan  limestone  (Ordovlclc). 

Weller  correlates  on  faunal  basis  the  Sac  limestone  with  the  upper 
yellow  sandstone  overlying  the  Louisiana  limestone  in  the  Burlington 
section,  or  the  Hannibal  sandstone  and  Ghoteau  limestone  of  the  north- 
eastern Missouri  sections.  Accepting  this  correlation  as  the  true  one,  we 
find  that  the  overlap  southward  has  brought  the  black  basal  shale  (Eureka 
or  Noel)  into  the  upper  part  of  the  Kinderhook  formation.  This  is 
borne  out  by  the  fossils  of  the  Black  shale,  which  are  later  than  the 
Chonopectus  horizon.  It  must  be  remembered,  however,  that  the  north- 
east Missouri  sections  are  on  the  fianks  of  the  Ozark  uplift,  and  that  the 
transgression  there  may  have  been  a  local  one.  If  that  is  the  case  the 
total  southward  overlap  is  actually  greater,  since  in  the  absence  of  the 
Ozark  uplift  the  actual  base  of  the  section  would  be  lower  than  it  is  in 
northeastern  Missouri,  and  hence  the  rise  of  the  basal  black  shale  would 
be  from  a  lower  position  than  now  in  the  northeast  to  the  indicated  posi- 
tion in  the  southwest  of  the  state. 

In  northern  Arkansas  the  Eureka,  or  Noel  black  shale,  represents  the 
same  facies  of  sedimentation  as  in  southwestern  Missouri,  and,  as  in  that 
section,  contains  fossils  showing  its  age  to  be  younger  than  that  of  the 
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Chonopectus  sandstone  of  Burlington.     It  rests  on  the  eroded  lower 
Magnesian  limestone   (Ordovicic)   and  varies  in  thickness  from  a  few 
inches  to  70  feet.    It  is  not  always  black,  but  sometimes  greenish  or 
yellowish,  and  has  thin  limy  members  toward  the  top.     It  is  immediately 
succeeded  by  the  Saint  Joe  limestone   (Burlington),  into  which  it  is 
often  seen  to  grade.     The  connection  between  the  two  is  an  intimate  one 
and  represents  continuous  deposition.    This  fixes  the  date  of  the  Eureka 
(Noel)  shales  of  Arkansas  as  latest  Kinderhook  and  shows  an  overlap 
from  the  base  of  the  Choteau  to  the  base  of  the  Burlington,  during  the 
transgression  of  the  Kinderhook  sea  from  southern  Missouri  to  northern 
Arkansas.    Here  the  basal  black  shale  takes  the  place  of  the  basal 
sandstone  of  the  basal  Paleozoic  sections;  but,  like  that  sandstone,  this 
basal  shale  rises  in  the  scale  with  the  progress  of  the  transgression.     It 
is  hardly  questionable  that  the    Black  shale  represents  the  reworked 
residual  soil  of  the  old  land  of  Ordovicic  limestones  in  the  Missouri- 
Arkansas  section.    The  shale  rests  unconformably  on  various  members  of 
the  Lower  Paleozoic  limestones,  and  in  each  case  derives  its  mineral 
character  from  the  bed  underlying.     According  to  Ulrich,  the  shale  is 
found  resting  only  on  the  Key  sandstone  (Saint  Peter),  or  the  mag- 
nesian limestone  of  earlier  age  (Yellville  formation).    Where  the  Black 
shale  is  not  developed,  another  formation,  the  Sylamore,  often  lies  be- 
tween the  Saint  Joe  and  the  imderlying  Ordovicics  (Polk  Bayou  lime- 
stone).    The  Sylamore  formation  consists  of  a  shale  with  a  maximum 
thickness  of  16  feet,  succeeded  by  a  sandstone  of  coarse  roimded  quartz 
grains  containing  phosphate  nodules.     The  shale  is  sometimes  black  and 
then  resembles  the  Noel  shale,  with  which  it  is  generally  correlated. 
Ulrich,  however,  insists  on  the  Devonic  age  of  this  rock,  on  the  strength 
of  some  fragmentary  fish  remains  (a  mandible  doubtfully  referred  to 
Dynichthys)  which  indicate  that  age,  and  of  some  invertebrate  fossils 
"which  tend  to  corroborate  this  view."     The  fossils  recorded  are  "a 
small  Lingula  that  may  be  the  same  as  L,  spatulata  of  the  Genesee  shale 
of  New  York,  and  some  conodonts."    If  this  view  is  correct,  there  is 
a  pronounced  hiatus  at  the  top  of  the  sandstone,  for  the  whole  Kinder- 
hook formation  is  wanting.    The  phosphatic  pebbles  of  the  Sylamore  are 
sparingly  represented  in  the  basal  portion  of  the  Saint  Joe,  which  is  inter- 
preted by  Adams  and  Ulrich  as  the  result  of  reworking.     Ulrich  states 
that  "the  Sylamore  formation  impresses  one  as  the  waste  of  a  near-by 
shore,  and  thus  agrees,  not  only  in  its  faunal  and  physical  character,  but 
also  in  its  origin,  with  the  Chattanooga  formation  as  developed  in 
middle  Tennessee."*     The  Noel  shale,  on  the  other  hand,  is  correlated 

*  George  Adaxni  and  B.  O.  Ulrich :  Professional  paper  no.  24,  U.  S.  Geological  Surrey. 
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by  Ulrich  with  the  base  of  the  Tullahoma  formation  of  middle  Tenr 
nessee.  That  the  hiatus  recorded  or  believed  to  exist  between  the  Syla- 
more  and  Saint  Joe  is  equivalent  to  the  whole  Kinderhook  may  be 
doubted.  The  evidence  on  which  to  base  the  reference  of  the  Sjlamore 
to  the  Devonic  is  altogether  too  meager;  it  is  far  more  likely  that  this 
formation  represents  a  basal  bed  of  Kinderhook  age,  possibly  in  part 
continental,  and  that  it  is  in  general  equivalent  to  the  Noel  shale,  as  held 
by  earlier  writers. 

Whatever  the  age  of  the  Sylamore,  the  relationship  of  the  Black  shale 
(Eureka  or  Noel)  to  the  overlying  and  underlying  formations  is  clear. 
It  represents  a  basal  bed  of  an  advancing  sea,  and  progressively  rises  in 
the  scale  southward  from  middle  Kinderhook  to  uppermost  Kinderhook 
or  lowest  Burlington.  That  this  basal  bed  is  such  a  fine  grained  rock 
can  only  be  explained  by  the  assumption  that  the  land  was  very  low,  and 
that  the  residual  soil  covering  it  was  clay  mixed  with  much  carbonaceous 
material.    In  other  words,  the  Noel  shale  can  only  represent  the  re- 


FiouRB  4. — Diagrammatic  View  of  the  Relationship  of  the  Blach  Bhaie  of  eouih^rm 
Mi88ouri  and  northern  Arkantae  to  the  overlying  Formatione, 

worked  residual  soil  of  an  old  peneplain  surface  which  was  slowly  sub- 
merged beneath  the  advancing  Mississippian  sea.  Taken  in  connection 
with  the  position  of  the  Black  shale  at  the  base  of  the  Louisiana  lime- 
stone in  northeastern  Missouri,  we  see  that  the  transgression  went  on 
through  the  entire  Kinderhook. 

There  seems  to  be  no  valid  reason  for  considering  that  the  Black  shale 
of  northeastern  Missouri  had  a  different  origin  from  that  of  south- 
western Missouri;  and  if  the  Noel  shale  represents  the  basal  bed  of  a 
transgressing  sea  in  southern  Missouri  and  northern  Arkansas,  there  is 
no  reason  for  regarding  the  Louisiana  Black  shale  as  having  a  different 
meaning.  A  significant  fact  in  this  connection  is  the  similarity  in  the 
general  lithic  character  of  the  section  in  northeastern  and  southwestern 
Missouri.  In  the  northwestern  section  the  shale  is  succeeded  by  the 
compact  Louisiana  limestone;  this  by  the  Hannibal  sandstone  or  vermic- 
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ular  sandrOck,  and  this  by  the  Choteau  limestone.  In  the  southwestern 
section  the  Black  shale  is  also  succeeded  by  a  compact  limestone  (the 
Sac)^  followed  by  a  vennicular  sandstone  (the  North  View,  identical  in 
character  with  the  Hannibal,  and  formerly  identified  with  it  by  the 
Missouri  geologists) ;  and  finally  by  a  fine  grained  buff  limestone  (Pierson 
limestone)  representing  the  Choteau  of  the  northeastern  section.  In 
actual  age  the  Sac,  North  View,  and  Pierson  of  the  southern  section  are 
equivalent  to  the  Hannibal  and  Choteau  of  the  northern  one.  This 
similarity  of  lithic  succession  strengthens  the  case  and  makes  it  prac- 
tically certain  that  we  have  in  the  Black  shale  of  the  Mississippi  valley 
a  basal  bed  of  a  transgressing  sea,  and  that  the  age  of  this  basal  bed,  as 
in  the  case  of  basal  sandstones,  varies  from  place  to  place,  rising  south- 
ward in  the  series.     Compare  figure  4.* 

With  this  demonstrated  example  before  us,  we  may  next  consider  the 
Black  shale  of  the  southern  Appalachians,  which  is  universally  regarded 
as  of  Devonic  age  in  all  of  its  exposures.  XJlrich  has  recently  restated 
his  convictions  in  this  matter  by  proposing  to  apply  the  name  Ohio  shale 
to  this  formation  wherever  found.  Even  if  this  shale  represented  only 
Devonic  beds  in  its  different  outcrops,  the  fact  remains,  and  is  recognized 
by  TJlrich,  that  it  does  not  represent  the  same  portion  of  the  Ohio  series 
in  all  its  exposures.  That  part  generally  known  as  the  Chattanooga 
shale  is  regarded  by  XJlrich  as  representing  the  upper  part  of  the  shale 
in  Ohio,  and  to  call  this  small  portion  by  the  name  of  the  whole  is  at 
least  a  questionable  proceeding. 

The  Devonic  age  of  the  Chattanooga  shale  may,  however,  be  seriously 
doubted.  The  establishment  of  this  age  is  not  based  upon  fossils;  for 
those  found — ^a  few  Lingulas,  doubtfully  referred  to  L.  spatulata  of  the 
Genesee,  and  some  Conodonts — ^are  wholly  inconclusive.  Ulrich  himself 
says: 

"Although  there  Is  little  besides  stratigraphic  position  and  Uthologlc  char- 
acters on  which  to  base  the  reference  of  this  black  shale  to  the  Ohio  formation, 
it  is  so  referred  with  the  utmost  confidence.  In  every  feature  this  [Hardin 
Ck>unt7]  shale  is  practically  identical  with  many  of  nearly  a  hundred  exposures 
of  this  formation  examined  by  the  writer  in  Kentucky,  Tennessee,  and  Ohio. 
From  lake  Erie  southward  to  northern  Georgia  and  westward  to  this  district 
the  Ohio  shale  is  remarkably  constant  in  its  lithologic  characters.  Despite  this 
constancy  this  formation  has  received  a  number  of  names.  The  name  Ohio 
shale,  proposed  by  Andrews,  the  oldest  of  the  geographic  names  applied  to 
this  formation,  is  here  adopted."! 

•  Compare  this  Bimilarlty  of  BucceBSlon  with  that  found  in  the  chalk  of  Bnglaad  and 
Ireland,  cited  above, 
t  ProfeMlonal  paper  no.  86,  p.  20. 

LV — BULL.  Obol.  Soc.  Am.^  Vol.  17,  1900 


600  A.  W.  ORABAU — ^TYPES   OP   SEDIMENTARY   OVERLAP 

According  to  this  reasoning,  based  wholly  on  lithic  characters,  the 
Marcellus  and  Genesee  shales  of  western  New  York  should  be  regarded 
as  8}Tichronous,  and  both  shoxdd  be  identified  with  the  Rhinestreet  or 
any  other  of  the  black  shales  of  that  region;  for  "in  every  [lithic] 
feature  this  .  .  .  [Marcellus]  shale  is  practically  identical  with 
many  of  nearly  a  hundred  exposures  .  .  .  [of  black  shales  of  vary- 
ing horizons]  examined  by  the  writer." 

The  Chattanooga  shale  in  the  region  of  the  Columbia  quadrangle  in 
central  Tennessee  is  described  as  having  generally  at  the  base  a  thin  bed 
consisting  largely  of  calcium  phosphate  and  forming  the  source  of  the 
Tennessee  black  phosphate.  In  many  cases  these  phosphate  nodules 
surround  minute  coiled  shells  derived  from  the  underlying  Ordovicic 
limestones.  This  phosphate  bed  passes  by  gradation  laterally  into  a  bed 
of  coarse  sandstone  or  conglomerate  containing  var3ring  amounts  of 
phosphate  and  much  water-worn  material,  together  with  some  unidenti- 
fied fish  bones.  Sometimes,  toward  the  southwest,  the  phosphate  is  re- 
placed by  a  fine  grained  gray  or  black  sandstone,  with  a  maximum  thick- 
ness of  12  feet  in  Hardin  county  (Hardin  sandstone).  Where  the  Chat- 
tanooga formation  rests  on  the  Clifton  or  on  the  Femvale  formation 
(limestones),  it  is  always  a  black  shale  at  the  base.  The  Maury  green 
shale  is  generally  found  at  the  top  of  the  Chattanooga  formation.  It 
varies  from  a  few  inches  to  4  or  5  feet  in  thickness  in  central  Tennessee, 
though  it  does  not  exceed  2  feet  in  the  Columbia  quadrangle.  It  con- 
tains lime  phosphate  and  Greensand  grains,  which  are  the  cause  of  the 
color. 

"Rarely,  as  in  the  upper  part  of  East  fork  of  South  Harpeth  creek,  the  green 
shale  is  absent  or  not  distinguishable,  and  in  these  cases  the  black  shale  seerm 
to  pass  very  gradually  into  the  overlaying  green  shale  *  which  constitutes  the 
base  of  the  full  Tullahoma  8ection."t 

The  Tullahoma  formation  of  shales  passing  up  into  cherty  limestones 
is  from  200  to  500  feet  thick  and  is  believed  by  TJlrich  to  represent  the 
whole  of  the  Waverly  of  Ohio ;  but  it  is  probably  more  correctly  regarded 
as  representing  only  the  upper  part  of  that  formation,  which  in  southern 
Ohio  is  considerably  over  600  feet  thick.J  There  is  no  recorded  evi- 
dence from  fossils  which  would  establish  the  equivalency  of  the  Tulla- 
homa to  the  whole  of  the  Waverly,  since  fossils  are  extremely  scarce  in 
the  Tullahoma  of  Tennessee.  Apparently  the  correlation  is  based  on 
position  alone,  as  the  formation  succeeds  the  black  shale,  which  is  on  a 

•  The  italics  are  the  present  writer's. 

t  Columbia  folio,  p.  3. 

X  Harrick :  Bull.  Oeol.  Soc.  Am.,  vol.  2,  p.  40. 
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priori  grounds  considered  by  TJlrich  to  be  Devonic,  and  is  followed  by  the 
Saint  Louis  limestone  series.  Of  course  if  we  r^ard  the  black  shale  as 
Devonic,  then  the  fact  that  it  grades  up  into  the  Tullahoma  indicates 
that  the  base  of  the  Tullahoma  is  basal  Mississippian;  but  until  more 
convincing  evidence  is  brought  forth  of  the  Devonic  age  of  the  black 
shale  and  the  basal  Mississippian  age  of  the  Tullahoma,  the  more  normal 
interpretation  is  that  both  are  above  the  base  of  the  Mississippian — ap- 
proximately of  upper  Kinderhook  or  lower  Osage  age. 

Poerste  has  recorded  the  frequent  presence  of  sandy  and  earthy  layers 
at  the  base  of  the  Black  shale  in  the  most  eastern  exposures  on  the  Cum- 
berland river,  these  layers  being  phosphatic*  This  basal  portion  usually 
varies  between  2  and  3  feet,  but  thicknesses  of  even  6  feet  are  found 
locally.  Sometimes  it  is  replaced  wholly  or  in  part  by  greenish  more 
clayey  layers.  In  this  sandy  layer  occur  weathered  out  fossils  of  the 
underlying  Ordovicic  rocks.  Foerste  has  also  recorded  traces  of  Chonetes 
and  other  fossils  in  the  fine  grained  rock  inmiediately  above  the  Black 
shale,  south  of  Bockdale.f  He  considers  that  the  beds  containing  these 
fossils  may  be  of  Waverly  age.  In  regard  to  the  contact  between  the 
black  shale  and  the  Waverly,  he  says : 

'*In  the  gulley  southeast  of  the  Oliver  Williams  house  the  base  of  the  section 
consists  of  a  dark,  sandy,  partly  conglomeratic  rock  18  inches  thick.  Both  the 
Black  shale  and  the  phosphate  rock  are  absent.  Immediately  above  the  con- 
glomeratic rock  occur  11  inches  of  light  green  clayey  rock  containing  purple 
brown  phosphatic  material,  both  in  the  form  of  small  irregular  particles  and 
of  nodules.  Above  this  are  found  8  inches  of  crinoidal  greenish  rock,  with 
fish  teeth.  At  the  *Big  hill,*  immediately  westward,  on  the  road  to  Waynesboro, 
the  entire  Black  shale  section  is  absent 

'"The  purple  brown  phosphatic  material  found  immediately  above  the  con- 
glomeratic, sandy  rock  at  the  Oliver  Williams  locality  resembles  the  material 
forming  the  phosphatic  nodules  at  the  top  of  the  Black  Shale  section  in  most 
parts  of  Tennessee  and  Kentucky.  The  fish  teeth  appear  to  belong  to  the  same 
formation  as  the  bed  from  which  the  phosphatic  material  was  obtained.  The 
greenish  clay  material,  however,  belongs  to  the  Waverly  horizon,  so  that  the 
base  of  the  Waverly  appears  to  contain  material  derived  from  the  eroded  top 
of  the  Black  Shale  bed.  The  crinoidal  material  is  unquestionably  of  Waverly 
age.  The  fine  grained  but  not  fissile  rock  in  the  old  Sawmill  hollow  may  also 
be  of  Waverly  age,  since  species  of  Ohonetes  of  the  same  general  form  are 
rather  common  at  the  base  of  the  Waverly  section  in  the  northern  part  of 
Giles  county.  The  dark  color  of  the  rock  may  be  due  to  the  carbonaceous 
material  received  from  the  denuded  Black  shale  of  this  area,  while  the  more 
sandy  character  may  be  due  to  material  washed  in  from  some  other  source  by 
the  Waverly  sea.     The  gradual  passage  of  the  black  rock  upward  into  the 


*  A.  F.  Foerste :  Silurian  and  Devonian  limestones  of  Tennessee  and  Kentucky.     Bull. 
Geol.  Soc.  Am.,  vol.  12,  1001,  p.  427. 
tLoe.  dt,  p.  428. 
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greenish  rock,  as  already  described,  is  also  favorable  to  tbe  view  that  the  bla<^ 
rock,  without  good  fissile  cleavage,  may  be  of  Waverly  origin.  In  case  these 
observations  are  correct,  the  absence  of  the  Black  shale  at  the  'Big  hlir  may  be 
due,  not  to  original  lack  of  deposition,  but  to  subsequent  erosion." 

Foerste  raises  the  question  whether  the  observed  thinning  of  the 
Black  shale  toward  the  Cincinnati  dome  may  not  be  due  to  a  ^'marked 
development  of  the  southern  end  of  the  Cincinnati  anticline  at  the  time 
of  the  deposition  of  the  Black  shale  and  the  base  of  the  Waverly."*  In 
other  words^  he  believes  that  less  shale  was  deposited  on  the  rising  por- 
tions of  the  dome.  It  may  also  be  interpreted  as  resulting  from  the 
washing  of  the  residual  soil  from  the  higher  into  the  lower  places;  and 
this  readily  accounts  for  the  absence  of  the  shale  in  many  places  not  as 
due  to  erosion  prior  to  the  deposition  of  the  Waverly  and  the  occurrence 
of  a  disconformity,  which  such  a  fact  would  imply,  but  as  the  result 
of  the  washing  of  the  original  soil  from  the  higher  parts,  on  the  en- 
croachment of  the  lower  Mississippian  sea.  This  explanation  is  further 
suggested  by  the  fact  that  within  short  distances  in  all  directions  the  shale 
reappears.  In  general  the  coarseness  of  the  material  increases  from  the 
northeast  to  the  southwest.  Begarding  the  physical  conditions  under 
which  the  shale  was  deposited,  Foerste  saysif 

*'In  the  case  of  the  Black  shale,  the  evidence  of  land  conditions  or  of  fresh- 
water conditions  is  more  favorable.  At  many  points  through  its  oitire  extent 
it  has  retained  remains  of  land  plants.  Its  strongly  carbonaceous  character, 
which  gives  rise  to  the  black  color  of  the  shales,  does  not  necessarily  indicate 
the  presence  of  land  plants,  although  the  presumptive  evidence  is  in  favor  of 
this  view.  At  various  localities  the  remains  of  animals  have  been  preserved 
In  this  shale.    .    .    . 

'The  base  of  the  Black  shale  is  oft^i  decidedly  earthy  and  is  oftoi  also 
pho^hatic.  It  is  well  known  that  the  base  of  the  Black  shale  is  in  many 
parts  of  southern  Tennessee  sufficiently  phosphatic  to  be  worked  as  a  phos- 
phate rock.  One  of  the  theories  of  the  accumulation  of  the  phosphatic  ma- 
terial at  this  horizon  is  that  it  was  derived  from  the  phosphatic  material  In- 
cluded in  the  shells  of  the  underlying  Silurian  and  Ordoviclan  rocks ;  that  it  Is 
an  accumulation  in  one  sense  of  residual  material. 

'This  sandy  base  of  the  Black  shale  occasionally  incloses  fossils  derived 
from  the  underlying  formations.  The  sandy  material  itself  is  probably  of 
residual  origin.  It  may  represent  a  residual  soil,  but  the  evidence  is  again 
Inconclusive. 

"The  fissile  black  shale  is  composed  of  particles  so  light  that  they  could  hare 
easily  been  blown  by  the  wind.  The  remarkably  fine  grained  character  of  tba 
fissile  shales,  the  entire  absence  of  coarser  material  except  at  their  base,  aiMl 
their  remarkably  wide  geographical  distribution  suggest  that  they  may  pos- 
sibly consist  of  wind-blown  particles,  derived  perhaps  from  many  strata,  from 

•  Loc.  clt.,  p.  429. 

t  Loc.  cit,  pp.  480,  431. 
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points  far  distant  from  one  another.  The  absence  of  coarse  detrital  material 
suggests  that  the  region  of  deposition  was  practically  flat  The  preservation 
of  fragments  of  land  plants  indicates  that  it  was  probably  a  region  of  marshes. 
It  may  be  imagined  that  the  same  particles  traveled  in  many  directions  before 
finding  a  final  lodgment  Marshes  at  one  point  may  have  dried  up,  and  the 
material  accumulated  in  it  may  have  again  turned  into  dust,  thus  permitting 
the  frequent  shifting  by  the  wind  of  the  materials  which  now  form  the  shale." 

Safford  records  the  occurrence  of  thin  seams  of  bituminous  matter 
from  an  eighth  of  an  inch  to  an  inch  in  thickness.  '^The  bitumen  of  these 
shales  is  hardly  an  asphaltum,  being  generally,  perhaps^  more  like  the 
bitumen  of  cannel  coal.'^*  Petroleum  also  oozes  from  the  shale  in  a 
few  places  and  can  be  readily  distilled  from  it. 

In  Wayne  county,  south  central  Tennessee,  the  following  section  was 
made  by  Safford  at  T.  A.  White's  mill,  on  Buffalo  river,  a  few  miles  below 
the  mouth  of  Oreen  river : 

Fett 
(4)  A  thin  bed  of  gravel  (water- worn  pebbles)  on  top,  with  some  loose, 
angular  chert    The  gravel  is  found  at  the  top  of  all  the  high  ridges 
in  this  region.     Specimens  of  Liihostrotion  canadense  (not  water- 
worn)  are  also  found  loose  on  the  surface. 
(3)  8Uiceou8  group: 

Rocks  concealed,  surface  covered  with  small,  angular,  cherty  masses, 

to  top  of  ridge 190 

Bluish  shale,  with  layers  of  chert 15 

Bluish  shale  24 

In  all  238 

(2)  Black  Shale  group: 

(c)  Layer  of  kidneys *. ^ 

(6)  Black  shale  2 

(a)  Sandstons,  at  top  thin  bedded,  surfaces  abounding  in  Lingulse. .      9 

In  all 11% 

(1)  Meniscus  limestone  (Niagara) : 

Gray,    mostly    crinoidal    limestone;    contains    the    characteristic 
Haplocrinus    hemisphericus    immediately    below   the   sandstone; 
thickness  down  to  the  water 67 

In  eastern  Tennessee  (McMinnville  folio)  the  Chattanooga  Black 
shale  rests  on  the  Chickamauga  limestone  (Ordovicic)  and  has  a  thick- 
ness of  from  10  to  30  feet.  It  consists  mainly  of  highly  carbonaceous 
non-fissile  shale.  The  upper  stratum,  about  2  feet  in  thickness,  is 
generally  bluish  green,  somewhat  sandy,  and  contains  a  layer  of  small 
phosphatic  concretions  an  inch  or  less  in  diameter,  ^^t  seems  probable 
that  this  upper  greenish  layer  of  shale  represents  an  ancient  ash  bed, 
the  material  of  which  was  ejected  from  a  volcano  and  transported  a  long 

•J.  Bi.  Saiford:  Geology  of  Tennessee,  1S67,  p.  834. 
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distance  from  its  source,  partly  by  winds  and  afterward  by  currents, 
when  it  had  fallen  on  the  surface  of  the  sea  which  then  covered  tiiis 
region/'*    Small  concretions  of  iron  pyrites  occur  in  the  shale. 

The  shale  is  here  overlain  by  from  150  to  225  feet  of  the  Fort  Payne 
chert.  This  begins  usually  with  heavy  beds  of  chert  at  the  base,  with  only 
a  little  limestone  or  shale,  passing  upward  gradually  into  purer  limestone 
and  "without  abrupt  transition  into  the  Bangor  limestone  above.*'  This 
series  is  from  700  to  800  feet  thick.  The  Port  Payne  chert  is  very 
fossiliferous,  and  is  the  "siliceous  group"  of  Safford,  which  he  divided 
into  a  lower,  or  Protean  (Lauderdale,  McCalley),  and  upper,  or  Litho- 
strotion  (Tuscumbia,  McCalley).  Ulrich  makes  the  Tullahoma  of 
central  Tennessee  and  the  Fort  Pa^Tie  of  eastern  Tennessee  equivalent, 
and  correlates  both  with  the  Kinderhook  and  Osage  of  the  Mississippi 
valley.  There  is  here  an  inconsistency,  for  the  upper  part  of  the  Fort 
Payne  (Tuscumbia)  is  clearly  of  lower  Saint  Louis  age,  as  shown  by  the 
abundance  of  Lithostrotion  canadense  {=L.  mamillare). 

Stevenson  considers  that  the  upper  part  of  the  Fort  Payne  is  unques- 
tionably Tuscumbia,  but  he  also  says  if 

"It  is  difficult  to  determine,  by  means  of  available  observations,  whether  or 
not  the  Fort  Payne  of  the  extreme  southeaflterly  areas  embraces  any  Tuscum- 
bia. For  the  most  part  the  features  are  those  of  the  Lauderdale  (Logan), 
there  being  an  almost  total  absence  of  limestone  In  the  upper  part;  but  in 
Calhoun  county  of  Alabama,  very  near  the  extreme  southeast  exposure,  one 
finds  the  Tuscumbia  clearly  present  One  may  conjecture  that  as  the  Lauder* 
dale  is  practically  without  limestone  nearer  the  shore  line  the  Tuscumbia 
would  undergo  the  same  change,  so  that  the  thin  Fort  Payne  on  the  border 
would  represent  both.  This  is  in  accordance  with  the  conditions  in  this 
region,  as  each  of  the  Mississipplan  formations  apparently  overlaps  its  prede- 
cessor." 

Nor  is  the  Protean,  or  Lauderdale,  the  equivalent  of  the  whole  Tul- 
lahoma (as  defined  by  Ulrich — that  is,  =  Kinderhook-Osage)  ;  for,  ac- 
cording to  Safford  :t 

**This  lower,  or  Protean,  member  of  the  Siliceous  group,  is,  in  general, 
equivalent  to  the  divisions  of  the  Lower  Carboniferous  limestone  lying  below 
the  Saint  Louis  limestone.  It  is,  perhaps,  more  especially  the  equivalent  of  the 
Keokuk  limestone;  it  contains,  however,  some  Burlington  forms." 

He  lists  the  following  species  from  this  member :  § 
Spirit er  imbrex  Ilall.     "Occurs  immediately  al)ove  the  Black  shale  below 
Huggins's  mill,  near  Manchester,  in  Coffee  county,  associated  with  Produciui 


*  Hayes  :  McMlnnville  folio. 

t  J.  J.  Stevenson :  Lower  Carboniferous  of  the  Appalachian  basin.     Bull.  Oeol.  8oc. 
Am.,  vol.  14,  1903,  pp.  14-06. 
t  Safford:  Loc.  clt.,  p.  342. 
Hbid. :  Loc.  cit.,  pp.  342,  343. 
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aemireticulatua ;  also  In  the  same  horizon  at  White's  Creek  Springs,  and  near 
Colonel  Robinson's,  on  the  Middle  fork  of  Cold  water,  in  Lincoln  county." 

Spirit er  suhequalisf  Hall. 

Spirit er  tenuicosiatus  Hall? 

Spirifer  suborhicularis  Hall. 

Spirit  er  auhcuapidatus  Hall  [Syringothysis  tcxta], 

Spiriter  lineatus  Martin. 

Orihis  [Rhipidomella]  michelini  L'Eveille. 

Plaiyceraa  equilaterat  Hall. 

Oranatocrinua  granulatus  Roemer. 

Agaricocrlnus  jumericanus  Roemer. 

Actinocrinu8  conicos  Cassedy  and  Lyon. 

Actinocrinus  nashvillw  Troost. 

Actinocrinus  (Batocrinus)  mafftiiflcus  Cassedy  and  Lyon. 

Actinocrinus  (Dorycrinus)  gouldi  Hall. 

Cyathocrinus  8t€llaiu8  Hall. 

Forbe8iocrinu8  meeki  Hall. 

Forhesiocrinus  saffordi  Hall. 

Ichthiocrinia  tiarwtormis  Troost 

Commenting  on  these,  he  says: 

"Most  of  the  above  species  occurring  out  of  Tennessee  are  Keokuk  forms. 
Spiriter  imbrex  and  Or  this  michelini  are  found  in  the  Burlington  limestone; 
Spirifer  subcequalis  and  S,  tenuicostatus  are  Warsaw  forms,  and  the  latter 
also  Keokuk."* 

The  thickness  of  the  Lauderdale  in  its  typical  development  in  Ten- 
nessee is  250  to  300  feet,  but  it  decreases  southward,  undoubtedly 
through  the  failure  of  the  lower  beds.  The  Tuscumbia,  the  equivalent 
of  the  Saint  Louis  limestone  of  Missouri  geologists,  has  a  maximum 
thickness  of  250  feet.  Safford  holds  that  the  lower  member  (Lauder- 
dale) thins  away  southward.    He  says: 

"In  the  southern  part  of  the  state,  at  certain  points,  the  member  is  cherty, 
crinoidal  limestone,  resembling  the  Lithostrotion  bed  above.  In  fact,  going 
southward,  the  lower  member  becomes  thin,  and  below  Huntsville  on  the 
anticlinals  of  Alabama,  the  two  members,  in  my  opinion,  become  one  bed, 
characterized  throughout  by  Lithostrotion  canadense"^ 

In  a  foot-note  he  adds : 

"A  little  below  Gadsden,  in  Alabama,  I  have  seen  a  number  of  specimens  of 
this  coral  [L.  canadense]  in  an  outcrop  of  the  Siliceous  chert,  very  near  the 
Black  shale.". 

•  Ibid. :  Loc.  dt,  p.  848. 
t  Ibid. :  Loc.   cit.,   p.   340. 
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Except  where  an  erosion  interval  is  responsible  for  the  thinning  away 
of  the  Fort  Payne  or  Siliceous  group,  we  must  assume  that  the  thinning 
is  due  to  the  failure  of  the  basal  members  which  are  overlapped  by  the 
higher  members.  All  the  descriptions  indicate  a  passage  of  the  Fort 
Payne  into  the  overlying  lower  Bangor,  or  its  equivalent,  the  Floyd 
shale.  Where  the  Fort  Payne  is  represented  by  less  than  100  feet,  this 
thickness  must  represent  the  upper,  or  Tuscumbia,  portion,  unless  an 
erosion  interval  has  removed  a  part  of  the  upper  portion  before  the  depo- 
sition of  the  Bangor.  As  already  noted,  however^  such  a  disconformity 
has  not  been  recognized.  It  may,  of  course,  be  true  that  the  Fort  Payne, 
recognized  by  its  lithic  character,  has  not  the  same  position  everywhere, 
and  that  the  lower  Bangor  of  the  southeast  may  represent  a  part  of  the 
Tuscumbia  farther  west.  However  that  may  be — ^and  the  point  can 
only  be  settled  by  a  careful  examination  of  the  sections — the  fact  remains 
that  the  Lithostrotion  bed  in  many  places  is  close  to  the  Black  shale, 
and  in  fact  lies  directly  upon  it. 

In  the  McMinnville  quadrangle  the  base  of  the  Fort  Payne,  which 
varies  from  150  to  225  feet,  is  probably  of  Keokuk  age. 

Southeastward,  in  the  Sequatchee  valley,  the  Chattanooga  (12  to  25 
feet  thick)  is  succeeded  by  only  from  60  to  80  feet  of  the  cherty  Fort 
Payne,  which  here  represents  the  highest  part  of  the  group,  or  the  Saint 
Louis  horizon,  unless  there  is  an  erosion  break  at  the  top  or  the  top  is 
here  lower  than  elsewhere.  It  is  described  as  passing  upward  into  the 
Bangor  limestone.* 

In  the  type  region,  in  the  Tennessee  valley,  near  Chattanooga,  Ten- 
nessee, the  shale  is  from  10  to  25  feet  thick,  while  the  overlying  Fort 
Payne  is  reduced  to  from  60  to  150  feet  in  the  western  region  and  from 
50  to  75  feet  in  the  southeastern  region.  As  before,  if  the  section  here 
is  complete,  the  Fort  Payne  can  only  represent  the  Saint  Louis  horizon. 
Above  it  comes  the  Floyd  shale  in  the  eastern,  nearer  shore  section,  and 
limestones  in  the  more  western,  offshore  district.  The  Floyd  shale  of  the 
eastern  section  is  later  replaced  by  limestone  of  the  type  of  the  Bangor, 
but  the  equivalent  of  only  the  upper  Bangor  of  the  sections  farther  west, 
the  Floyd  shale  itself  being  the  equivalent  of  the  lower  Bangor. 

A  remarkable  condition  is  found  in  the  Chilowee  mountain  area.  Here 
the  Chattanooga  shale  ranges  from  6  to  30  feet  in  thickness,  and  is  suc- 
ceeded by  the  Grainger  shale.  It  "comprises  flaggy  sandstones,  sandy 
shales  and  sandstones,  with  white  sandstone  and  red  and  brown  sandy 
shales  at  the  top;  and  this  series  is  present  throughout."!     The  lower 

*  Sewanee  folio. 

t  Loudon  and  Knoxrllle  folloB. 
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sandy  beds  are  fossiliferous,  containing  fenestellae,  lingnse,  and  brachio- 
pods.  The  age  of  these  shales  in  this  section  has  not  been  determined. 
They  are,  however,  classed  as  Devonic,  together  with  the  Black  shale, 
though  from  what  is  known  of  these  deposits  farther  northeast  their  age 
is,  at  least  in  part,  lower  Mississippian.  The  thickness  of  the  formation 
is  1,100  feet.  It  is  succeeded  by  the  Newman  limestone,  which  includes 
100  feet  of  massive  blue  limestone  at  the  base,  followed  by  600  feet  or 
more  of  gray  calcareous  shale  and  shaly  limestone.  The  basal  portion 
is  highly  fossiliferous,  containing  crinoids,  corals,  and  brachiopods.  It  is 
succeeded  by  the  Lee  conglomerate  ( Potts ville).  Northwest  of  Chil- 
howee,  some  30  to  35  miles,  in  the  Walden  ridge,  the  Newman  limestone, 
700  feet  thick,  rests  directly  on  the  Chattanooga  shale,  which  is  here  80 
feet  thick  and  rests  disconformably  on  the  Eockwood.  The  Newman  is 
here  mainly  a  marine  limestone,  with  chert  nodules  in  the  base.  Its  age 
is  Saint  Louis  and  it  is  succeeded  by  the  Lee  conglomerate.  Northeast- 
ward, in  the  Clinch  mountains  of  northeast  Tennessee  and  southwest 
Virginia,  the  Grainger  shale  and  Black  shale  are  both  well  developed.* 
At  Big  Stone  Gap,  Virginia,  the  Black  shale,  which  is  at  least  600  feet 
thick,  rests  on  sandstones  of  late  Helderbergian  age.f  The  Black  shale 
contains  an  abundance  of  Lingula  ligea  and  Schizdbolus  concentricus, 
both  late  Devonic  species.  The  age  of  the  base  of  the  shale  in  this  place 
is  therefore  Upper  Devonic.  Professor  Williams  studied  the  section  at 
Big  Stone  Gap  in  great  detail,  and  he  found  "that  the  following  arena- 
ceous shales  and  sandstones  began  as  very  thin  intercalated  sheets,  thin 
as  paper  at  first,  far  down  in  what,  to  the  casual  observer,  appeared  to  be 
pure  black  shale.''t 

Farther  eastward,  at  Big  Moccasin  Gap,  Virginia,  the  following  section 

was  made  by  Williams  and  Kindle  :§ 

Feet 

7.  Limestone  and  shale  (Mississippian)  

6.  Soft  yellowish  clay  and  crumbling  sandstone 100 

5.  Hard,  drab  colored  sandy  shale  and  sandstone 40 

4.  Ck>nglomerate  bed  near  top  of  3  feet. .  ) 

3.  Hard,  bluish  gray  to  drab  sandy  shale  j[   

2.  Black  shale,  varying  to  gray,  and  much  crashed  and  folded 150 

1.  Tough  quartzitic  fine  grained  sandstone 75 

"In  the  Estlllvllle  folio,  2  is  called  the  Chattanooga  Black  shale,  and  3  to  6 
are  assigned  to  the  Grainger  shale.  The  lowest  fauna  obtained  from  the  sec- 
tion is  from  the  lower  part  of  3,  about  20  feet  above  the  Black  shale." 

•  EetelTille  folio. 

t  Williams  and  Kindle :  Bull.  U.  S.  Geological  Survey,  no.  244,  p.  28. 

t  WUIiams :  Southern  Devonian  formations.     Am.  Jour.  Scl.,  vol.  lil,  1897,  p.  389. 

I  Williams  and  Kindle :  Loc  cit.,  p.  30. 


608      A.  W.  ORABAU — TYPES  OF  SEDIMENTARY  OVERULP 

The  following  species  are  listed:* 

[c,  common;  r,  rare.] 

ZaphrentU  sp.  (r).  P.  cf.  tcortheni  (c). 

Crlnold  stems  (o).  P.  sp,  (r). 

Fenestella  sp.  (r).  Camarotcechia  sp.  (r). 

Irifi^ttto  gannentU  (r).  Spirifer  cf.  marionen«i«  (c). 

OrhiciOoidea  sp.  (c).  Ae^ictiZarta  pseudolineata  (c). 

CAon€te«  sp.  (r).  Syringothyris  carteri  (r). 

Productus  cora  var.  (r).  AtAyrix  lamellosa  (c). 

P.  cf.  aemireticulatus  (r).  Conularia  sp.  (r). 

Forty  feet  higher  another  rich  Kinderhook,  or  early  Burlington 
fauna  was  found,  including  Spiriferina  cf.  solidirostris,  Palmonexlo 
perplana,  P.  sulcatina,  Nuculana  spatulata,  Pleurotomaria  stttlta,  ProU- 
canites  greeni,  Phaethonides,  and  others.  Thirty  to  forty  feet  higher  still 
the  fauna  is  still  more  characteristically  lower  Mississippian,  for  such 
species  as  Lingulodiscina  newherryi,  Spirifer  JceoJcuk,  Sphenotes  flavius, 
PalcBoneilo  bedfordensis,  and  Conularia  newherryi  occur,  most  of  them 
common,  besides  many  others  not  determined  specifically.! 

The  sandstone  number  6  of  the  section  afforded  Productus  cora  and 
Camarotechia  contracta,  both  common. 

At  Hicksville,  Bland  county,  Virginia  (Pocahontas  folio),  the  Black- 
shale,  here  called  Bomney,  has  an  estimated  thickness  of  from  400  to 
600  feet  and  rests  upon  sandstone  with  an  Oriskany  fauna.  It  contains 
Schizobolus  truncatus,  Palssoneilo  hrevis,  and  Goniatites,  which  occur 
100  feet  above  the  top  of  the  Black  shale ;  and,  higher  still,  the  Kimber- 
ling  shales  and  sandstones  have  yielded  a  rich  Chemung  fauna.  The 
Black  shale  has  here  descended  in  the  scale  and  apparently  represents 
Portage  time.  Still  farther  northeast,  at  White  Sulphur  Springs,  West 
Virginia,  the  Black  shale,  resting  on  Oriskany  sandstone,  is  succeeded 
by  sandy  and  green  shales  with  a  Buchiola  speriosa  or  Naples  (Portage) 
fauna,  followed,  300  feet  above  the  Black  shale,  by  a  Chemung  fauna. 

At  Covington,  Alleghany  county,  Virginia,  20  miles  from  the  la^t 
section,  and  at  Hot  Springs,  Bath  county,  Virginia,  the  Black  shales 
carry  in  the  lower  part  Marcellus  species,  though  associated  with  species 
of  late  Devonic  time.  Williams  holds  that  the  Black  shales  began  to 
be  deposited  here  while  the  Onondaga  fauna  still  continued  in  the  more 
central  area.  The  evidence  for  this  seems  hardly  conclusive.  At  Cov- 
ington, Virginia,  the  Black  shale  is  underlain  by  a  greenish  shale  with 
Schizophoria    siriatula,    Airy  pa    spinosa,    AmhoccBlia    umhonaia,    and 


•Ibid.:  Loc.  dt.,  p.  80. 
tibld.:  Loc  clU  p.  81. 
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Phacops  rana.  This  is  a  Hamilton  or  later  fauna,  and  although  the 
fauna  of  the  Black  shale  includes  Leiorhynchtus  limitare  and  Agoniatites 
vanuxemi,  both  of  them  typical  Marcellus  species,  the  fauna  as  a  whole 
is  certainly  Upper  Devonic  (Naples-Portage),  as  stated  by  Williams. 
The  same  thing  may  be  said  of  the  Hot  Springs  section;  for  here  the 
Buchiola  speciosa  fauna  is  abundant  only  70  feet  above  the  Black  shale, 
60  feet  of  the  interval  immediately  below  the  shales  with  this  fauna  being 
concealed.  In  the  9  feet  of  white  or  cream  colored  shale  immediately 
over  the  Black  shale  occur  Orbiculoidea  doria,  Bellerophon  leda,  and 
StylioUna  fissurella,  besides  others  imidentified  specifically.  The  Black 
shale  itself  contains  Orbiculoidea  doria,  StylioUna  fissurella,  and  ques- 
tionably identified  Chonetes  cf.  coronatus,  and  Anoplotheca  cf.  acutipli- 
cata.  The  evidence  adduced,  then,  points  to  an  early  Upper  Devonic  age 
of  the  Black  shales  at  Hot  Springs,  rather  than  a  lower  Middle  Devonic, 
as  advocated  by  Williams.  The  Black  shale  is  10  feet  thick  and  rests 
upon  Oriskany  (?)  sandstone. 

In  Allegany  county,  Maryland,  the  Black  shale  forms  the  base  of  the 
Romney  formation,  which  has  a  thickness  of  about  1,600  feet.  Here  the 
shale  is  clearly  of  the  age  of  the  Marcellus  of  New  York,  and  in  part 
it  also  represents  the  Onondaga.  This  portion  of  the  formation  rests 
upon  the  Oriskany  and  has  a  thickness  of  about  500  feet.  The  upper 
1,100  feet  of  the  Romney  contains  a  typical  Hamilton  fauna.*  Eastward 
from  this,  in  Washington  county,  the  Hamilton  division  of  the  Romney 
overlaps  the  Marcellus,  which  is  only  sparingly  represented.! 

We  have  here  clear  evidence  of  a  continued  southwestward  progression 
of  the  encroaching  sea,  and  a  corresponding  progressive  overlap  of  the 
higher  formations  southward.  In  all  cases  a  basal  black  shale  occurs, 
rising  in  the  scale  from  Marcellus  or  lower  in  the  north  to  uppermost 
Devonic  and,  as  indicated  in  Big  Moccasin  Gap,  to  Lower  Carbonic. 

At  Irvine,  Kentucky,  the  Black  shale  again  lies  high  up  in  the  series, 
for  here  it  has  intercalated  in  its  upper  part  calcareous  and  ferruginous 
concretionary  sheets  which  carry  undoubted  Lower  Carbonic  fossils. 
These  occur  in  the  sections  before  the  Black  shale  loses  its  characteristic 
expression.  J 

In  the  London  quadrangle  of  central  Kentucky  the  Chattanooga  shale 
rests  on  Devonic  limestones  with  an  erosion  interval.  It  has  a  thickness 
of  160  feet,  is  very  black  and  bituminous.  It  is  succeeded  upward  by 
a  light  blue  clay  shale  and  argillaceous  sandstone,  the  shale  abounding 
in  light  blue  or  drab  ironstone  concretions.    Many  siliceous  concretions 

•  Prosser :  Journal  of  Geology,  vol.  xll,  p.  861. 

tibid. :  Loc.    dt,    p.    362. 

t  Williams :  Amer.  Jour.  Scl.,  toI.  HI,  1897,  p.  898. 


610      A.  W.  GRABAU — TYPES  OF  SEDIMENTARY  OVERLAP 

occur.  Upward  it  passes  into  sandy  shale  and  argillaceous  sandstone. 
The  thickness  averages  350  feet,  and  it  is  succeeded  by  the  Newman 
limestone,  100  to  250  feet  thick,  and  the  Pennington  shale,  which  is 
occasionally  absent.  Above  this  is  a  great  erosion  break,  followed  by 
Pennsylvanian  sandstone.  The  shale  above  the  Black  shale  is  referred 
to  the  Waverly,  of  which  it  probably  constitutes  the  upper  portion  only. 
As  at  Irvine,  the  transition  from  the  Black  shale  to  the  overlying  beds 
is  probably  a  gradual  one. 

Taken  together  with  the  section  at  Chilhowee  mountain,  Tennessee, 
where  the  Grainger  shale,  1,100  feet  thick,  separates  the  Black  shale 
from  the  Newman'  limestone — ^and  with  the  section  in  Walden  ridge, 
30  miles  northwest,  where  the  Newman  limestone  rests  directly  on  the 
Black  shale — it  becomes  apparent  that  a  ridge  of  land  extended  south- 
eastward, approximately  along  what  is  now  the  Walden  ridge  of  Ten- 


-■ — r-»-  7fmu*rn a^n    i^.^M^ 
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piocRi  5. — Diagram  of  Cumberland  Ridge  showing  Relationship  of  interior  Sea  to  oceanic 

Channel. 

nessee  and  the  Cumberland  mountains  and  westward  in  Kentucky,  separat- 
ing the  interior  basin  from  a  channel  to  the  east  of  this  ridge.  Whether 
this  channel  was  in  direct  communication  with  the  Atlantic  to  the  south 
or  whether  it  represented  an  encroaching  arm  of  the  sea  from  the  north 
is  a  matter  for  further  investigation.  The  sections  given  so  far  indicate 
that  the  latter  condition  obtained,  since  the  formations  overlap  pro- 
gressively southward  along  this  channel.  West  of  this  barrier  the  Missis- 
sippian  sea  was  slowly  encroaching  southward  and  eastward,  as  shown 
by  the  overlapping  beds,  until  in  Saint  Louis  time  the  barrier  became 
submerged  and  the  Newman  limestone  was  spread  uniformly  over  the 
whole  area.  The  relationship  of  the  interior  sea  to  this  channel  and 
to  the  formations  accumulating  in  each  is  shown  in  the  accompanying 
diagram. 

In  the  region  about  Rome,  Georgia,*  the  Frog  Mountain  sandstone 
rests  unconformably  on  the  Rockmart  and  other  formations  in  the  south- 
west area  and  in  the  adjoining  Fort  Payne  quadrangle,  '^t  consists  chiefly 
of  white  quartzitic  sandstone  and  yellow  porous  sandstone,  the  latter  prob- 

•  Rome  folio. 
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ably  containing  feldspar.  It  also  contains  some  sandy  shales/'  The  age 
is  Oriskany,  as  shown  by  the  occurrence  of  some  poorly  preserved  fossils. 
It  has  a  thickness  of  1,200  feet  and  over.  On  the  north  side  of  the 
Coosa  valley  the  Armuchee  chert  replaces  the  sandstone  with  a  thick- 
ness of  50  feet.  The  chert  is  bedded  and  contains  fossils  similar  to  those 
of  the  Frog  Mountain  sandstone,  of  which  it  probably  represents  an  oflE- 
shore  deposit. 

There  is  a  marked  time  break  and  erosion  interval  above  these  format 
tions,  followed  by  the  Chattanooga  Black  shale.  This  consists  of  two 
divisions.  The  lower,  with  a  maximum  thickness  of  40  feet,  but  de- 
creasing to  1  or  2  inches  in  places,  is  jet  black  and  rests  on  the 
Armuchee  chert  or  directly  on  the  Bockmart  sandstone.  The  upper 
member  consists  of  blue  or  greenish  clay  shales,  usually  with  phosphatic 
concretions,  which  are  generally  perfectly  round,  when  small;  but  when 
sometimes  they  reach  a  diameter  of  a  foot  or  more,  they  are  oval.  The 
green  color  of  the  formation  is  due  to  the  presence  of  glauconite.  This 
upper  member  varies  from  1  to  3  feet  in  thickness  and  apparently  repre- 
sents the  Maury  shale  of  central  Tennessee.  The  Chattanooga  is  suc- 
ceeded by  the  Fort  Payne,  from  20  to  200  feet  thick,  and  this  by  the 
Floyd  shale,  2,000  feet  or  more  in  thickness,  or  by  the  Bangor  lime- 
stone. 

At  the  base  of  the  Black  shale  opposite  Rome,  Georgia,  a  few  fossils 
have  been  found  suggestive  of  Hamilton  age,  but  the  evidence  is  scarcely 
conclusive.* 

Summing  up  the  facts  so  far  determined,  it  becomes  apparent  that 
there  is  in  the  interior  area  a  progressive  overlapping  of  the  Mississippian 
formations  southward  and  eastward,  beginning  in  Kinderhook  time  and 
continuing,  practically  without  interruption,  throughout  that  epoch ;  for 
Mississippian  strata  are  wanting  in  central  Texas,  where  the  mid-Car- 
bonic strata  rest  directly  and  unconformably  on  earlier  Paleozoics.  A 
southward  transgression  also  took  place  in  the  area  east  of  the  old  Cum- 
berland land  ridge,  which  was  eventually  submerged  in  later  Saint  Louis 
time.  Whether  or  not  land  conditions  existed  throughout  the  southern 
parts  of  the  Gulf  states  is  not  determinable  from  the  data  at  hand. 

Nearly  everywhere  resting  directly  on  the  surface  of  the  slowly  sub- 
siding old  land  lies  a  bed  of  highly  carbonaceous  shale.  In  its  basal 
portion,  in  many  localities,  it  contains  fossils  weathered  out  of  the  under- 
lying Ordovicic  strata.  Sometimes  it  is  replaced  by  a  sandstone  or 
conglomerate ;  sometimes  it  carries  worn  fish  bones ;  in  many  places,  too, 
it  carries  remains  of  land  plants.     Several  observers  have  been  struck 

•  Schacbert :  American  Geologist,  vol.  zxxil,  p.  152. 
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by  the  resemblance  of  this  basal  shale  to  an  old  residual  soil,  though  Hayes 
believes  that  in  some  areas  the  old-land  surface  was  scoured  by  ocean  cur- 
rents before  the  deposition  of  the  shale,  f  Where  detailed  observation 
has  been  made  the  shale  is  said  to  pass  upward  into  the  overlying  beds. 
Though  Ulrich  has  marked  an  unconformity  at  the  top  of  the  shale 
in  central  Tennessee,  he  has  so  far  failed  to  substantiate  it  by  evidence. 
Fossils  are  found  in  this  shale  in  the  northern  areas  indicating  that  its 
age  is  late  Devonic.  Conodonts  and  the  spores  of  freshwater  Rhizocarps 
are  among  the  most  characteristic  fossils  found,  and  the  former  occur 
in  many  southern  exposures  of  the  shale.  Zittel  and  Rohen  have  clearly 
shown  that  these  organisms  are  referable  to  oesophageal  teeth  of  annelids. 
Such  organisms  are  today  very  characteristic  of  the  muds  and  sands 
of  shallow  shores  and  lagoons.  The  few  marine  fossils  found  in  the 
southern  exposures  west  of  the  Cumberland  ridge  are  either  inconclusive 
as  to  the  age. of  the  shale  in  that  region,  or,  as  in  the  Noel  shale  of 
Missouri  and  Arkansas,  they  mark  the  age  as  Mississippian.  From  all 
this  it  appears  that  the  Black  shale  of  southern  United  States  is  a  basal 
deposit — ^a  residual  soil  of  an  ancient  peneplain,  very  fine  and  very  car- 
bonaceous, and  the  result  in  many  places  of  the  solution  of  calcareous 
strata.  This  soil  was  worked  over  by  the  transgressing  Mississippian 
sea,  which  rearranged  it,  washed  it  from  the  higher  points,  and  collected 
it  in  greater  thickness  in  the  depressions  of  the  old  peneplain.  As  the 
water  deepened,  deposition  of  calcareous  shales  or  of  limestones  followed, 
the  transition  being  a  perfect  one — ^sometimes  gradual,  sometimes  abrupt 
If  the  view  that  the  Black  shale  is  the  shore  deposit  of  the  sea,  which 
farther  out  deposited  calcareous  strata,  is  not  accepted,  a  serious  diffi- 
culty confronts  us ;  for  if  we  assume,  with  XJlrich  and  others,  that  after 
the  deposition  of  the  Black  shale  the  sea  retreated,  and  then  readvanced, 
we  must  account  for  the  absence  at  the  base  of  the  calcareous  strata  of 
a  shore  facies;  for,  surely,  if  the  strata  were  successively  deposited  one 
by  one,  each  later  overlapping  the  preceding  one,  the  point  of  contact 
between  these  strata  and  the  Black  shale,  which  point,  at  the  time  of 
deposition  of  that  stratum  must  have  been  the  shore,  should  show  some 
evidence  of  that  fact  in  the  coarser  clastic  character  of  the  strata  and  in 
their  inclusion  of  some  fragments  of  the  Black  shale  surface  of  the  old- 
land.  That  no  such  evidence  is  found  clearly  proves  that  the  Black 
shale  represents  the  shore  facies  of  each  succeeding  limestone  or  calcareous 
shale  stratum,  and  that  it  is  hence  not  of  uniform  age  throughout,  but 
varies  from  place  to  place.     If  we  accept  this  view — and  there  seems  to 

t  C.  W.  Hayes :  The  Tennessee  phosphates,  Seventeenth  Ann.  Kept  U.  8.  Geological 
Surrey,   pt  vi,  p.   610. 
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be  no  escape  from  it — the  name  Ohio  shale,  adopted  for  a  black  shale 
of  Upper  Devonic  age,  which  was  probably  deposited  at  the  mouth  of 
a  great  river,  is  not  applicable  to  the  Black  shale  of  the  southern  Ap- 
palachians ;  but  the  name  Chattanooga  shale  may  be  applied,  if  it  is  dis- 
sociated from  the  idea  of  any  definite  age  relations. 

It  may  be  recalled  in  conclusion  that  stratigraphers  have  not  hesitated 
to  consider  the  base  of  the  Black  shale  as  rising  in  the  scale  through  the 
Devonic,  but  they  have  been  reluctant  to  carry  it  higher  than  that  horizon. 
Williams  alone  of  recent  writers  has  suggested  that  the  Black  shale  did 
continue  on  into  the  Mississippian ;  but  he,  also,  has  considered  the  basal 
portion  in  all  exposures  as  Devonic.  The  evidence  to  the  contrary  is, ' 
however,  so  overwhelming,  and  the  explanation  here  set  forth  accounts 
so  perfectly,  for  all  the  observed  phenomenon,  that  the  old  assumption 
of  the  synchroneity  of  the  different  parts  of  this  formation  can  no  longer 
stand,  since  it  has  no  basis  in  fact. 

Statement  op  the  Principle  of  the  Regressive  Overlap 

This  term  is  applied  to  the  arrangement  of  strata  produced  by  a  re- 
treating sea,  the  result  either  of  a  progressive  elevation  of  the  sea  bottom 
or  of  stationary  conditions  with  a  continued  supply  of  detritus.  A  slow 
rate  of  subsidence  of  the  sea  bottom,  with  an  excessive  supply  of  detritus, 
such  as  might  result  through  a  change  in  the  climate  from  dry  to  moist, 
would  have  essentially  similar  results. 

A  slowly  retreating  sea  will  carry  the  shore  zone  seaward — that  is,  in 
the  direction  of  retreat.  As  a  result,  the  shore  detritus  will  be  carried 
farther  out  with  reference  to  the  original  position  of  the  seashore.  In 
other  words,  the  various  belts  of  shore-derived  detritus  will  migrate  in 
the  direction  of  shore  retreat  and  at  approximately  the  same  rate.  The 
migrating  belts  of  shore  detritus  will  thus  pass  successively  over  areas 
of  formerly  deeper  water,  and  hence  over  areas  of  offshore  deposition. 
If  the  retreat  is  a  gradual  one,  the  upward  gradation  from  offshore  to 
nearshore  deposits,  or  in  general  from  fine  to  coarse  deposits,  will  be  a 
gradual  one.  In  any  case,  however,  the  result  will  be  the  formation  of 
a  conglomerate  or  sandstone  of  emergence*  or  a  retreatal  conglomerate  or 
sandstone  bed.  Since,  however,  during  the  retreat  offshore  deposits  are 
continually  forming  at  a  distance  from  shore,  we  may  consider  that  in 

*  A.  Rutot :  Les  ph^Domdne  de  la  Sedimentation  marine,  Bull,  du  Mus^  Royal  d'Hist. 
Nat.  d.  Belglque,  11,  p.  41,  1883.  I  am  Indebted  to  Dr  A.  C.  Lane  for  calling  my  atten- 
tion to  this  author,  who  has  treated  some  of  the  principles  here  discussed.  The  refer- 
ence came  too  late  to  be  made  use  of  In  the  body  of  the  paper.  Reference  should  also 
be  made  to  Dr  A.  W.  G.  Wilson's  paper,  In  Can.  Rec.  Scl.,  July,  1903,  vol.  9,  no.  2,  thlB 
author  also  recognizing  the  bearing  of  these  principles. 
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the  region  unaffected  by  the  shore  detritus,  even  during  the  retreat,  a 
continuous  and  uniform,  or  nearly  uniform,  series  of  deposits  is  accumu- 
lating. Even  within  the  outermost  zone  affected  by  the  retreat — ^that 
is,  the  region  reached  by  the  shore  detritus  at  the  end  of  the  regressive 
movement — continuous  deposition  of  offshore  sediments  is  accumulating, 
until  near  the  end  of  the  movement,  when  shore  detritus  will  replace  the 
more  open-water  sediment.  It  thus  becomes  apparent  that  an  additional 
series  of  strata  is  forming  in  the  offshore  district  of  which  there  is  no 
representation  in  the  nearer-shore  area.  When  the  retreat  is  a  slow 
one  a  considerable  amount  of  sedimentation  may  result  in  the  offshore 
area.  If  the  retreat  of  the  sea  is  rapid^  a  relatively  small  amount  of 
sedimentation  records  it.  In  any  case  the  amount  of  sedimentation  in 
any  area  over  that  of  another  area  in  the  line  of  retreat  becomes  a  meas- 
ure of  the  interval  occupied  by  the  retreat  of  the  sea  from  one  to  the 
other  point.     This  implies,  of  course,  that  the  amount  of  sedimentation 


FiGUBB  6. — Diagram  ahowing  Plnnes  of  Sedimentation  and  Relationship  of  Beathore  Bed. 

measured  in  each  sectionbegins  at  the  same  datum  plane — ^that  i8,theplane 
of  sedimentation  at  the  beginning  of  retreat.  It  becomes,  furthermore, 
api)arent  that  the  retreatal  sand  or  conglomerate  bed  is  not  of  tlie  same 
age  throughout,  but  rises  in  the  scale  seaward.  Hence,  if  the  gradation  is 
a  gradual  one,  the  retreatal  bed  will  grade  down,  near  the  old  shoreline, 
into  and  may  contain  the  fossils  of  a  bed  very  much  older  than  the  bed 
into  which  it  will  grade  at  a  distance  from  the  old  shore ;  for  during  the 
period  of  retreat  a  considerable  space  of  time  has  been  consumed  and  a 
certain  amount  of  sediment  has  collected  at  the  point  eventually  reached 
by  the  farthest  retreat.  The  relationships  of  the  beds  are  indicated  in  the 
diagram,  figure  6. 

In  this  diagram  each  bed  from  aio  d  was  in  turn  laid  down  during  the 
retreat,  each  later  bed  reaching  to  a  less  extent  upon  the  old  shore  and 
each  bed  ending  in  a  sand  member.  Thus  bed  b  does  not  extend  as  fax 
as  bed  a,  nor  c  as  far  as  b,  but  each  ends  landward  in  a  sand  facies;  and 
these  sand  ends  together  constitute  a  more  or  less  continuous  bed  of  sand 
passing  diagonally  across  the  beds  Ord.  It  is  evident  that  the  thickness  of 
the  beds  o-d  at  the  point  £  is  a  depositional  measure  of  the  time  consumed 
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in  the  retreat  of  the  eea  from  A  to  B;  and  that  the  retreatal  sandstone 
bed  x-y  is  of  much  later  age  at  B,  where  it  represents  bed  d,  than  at  A, 
where  it  represents  bed  a.  If  this  retreatal  bed  contains  fossils  in  its 
basal  portion,  they  will  be  fossils  of  successively  higher  formations  when 
traced  from  A  io  B. 

Where  the  land  is  sufficiently  elevated  during  this  retreat  of  the  sea 
stream  erosion  will  set  in  and  the  material  left  by  the  retreating  sea 
may  be  removed  by  this  process.  Furthermore,  since  elevation  of  the  land 
is  responsible  for  the  retreat  of  the  sea,  the  streams  coming  from  the 
higher  land  will  have  their  slope,  and  hence  their  velocity,  accentuated. 
As  a  result,  more  detrital  material  is  carried  down,  and  where  erosion  is 
not  going  on  deposition  of  land-derived  detritus  will  take  place.  Thus 
pebbles  derived  from  the  old-land  or  from  old  conglomerates  may  be 
carried  out  for  great  distances  over  the  emerging  coastal  plain.  Wind 
deposits  of  assorted  sands  with  rounded  and  pitted  grains  will  likewise 
accumulate  on  this  plain;  and  remains  of  land  plants  and  of  land  and 
freah-water  animals  may  be  buried  in  these  sands.  These  sands,  being 
wind  or  river  deposits,  will  often  show  cross-bedding  and  wind  ripples. 

Examples  of  regressively  overlapping  or,  better,  off-lapping  formations 
are  frequently  met.  Since,  however,  in  the  most  typical  cases  available 
for  investigation  the  conditions  are  complicated  by  the  structures  result- 
ing from  the  readvance  of  the  sea,  a  brief  account  of  these  complicated 
phenomena  may  first  be  given. 

Compound  Seobessive  and  Tbansgbessive  Oveblap 
btatbmbnt  of  the  prinojplbb 

After  the  retreat  of  the  sea  and  the  washing  seaward,  during  this  re- 
treat, of  the  land-derived  detritus,  a  period  of  readvance,  we  may  assume, 
invariably  sets  in,  because  stationary  conditions  in  nature,  if  they  ever 
occur,  are  so  rare  as  to  be  negligible. 

The  readvance  will,  of  course,  have  all  the  characteristics  of  a  first 
advance,  except  that  the  material  of  which  the  basal  bed  of  the  read- 
vancing  series  is  formed  is  that  of  the  retreatal  bed  deposited  during  the 
regressive  movement  and  the  river  deposits  and  sand  dunes  accumulated 
on  the  recently  emerged  coastal  plain.  Thus  the  retreatal  sands  and 
pebbles  will  be  reworked  by  the  advancing  sea  and  incorporated  in  the 
progressively  overlapping  beds  of  this  readvance  as  a  basal  or  shore  f acies. 
If  the  deposit  by  wind  and  streams  on  the  emerged  coastal  plain  was  a 
heavy  one,  the  advancing  sea  will  work  over  only  the  upper  portion, 
leaving  the  middle  and  lower  portions  undisturbed.  Thus  the  resulting 
bed  may  be  a  wholly  non-marine  deposit  in  the  middle,  and  yet  grada 
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downward  into  a  marine  series  belonging  to  the  lower  and  upward  into 
a  marine  series  belonging  to  the  upper  formation.  Such  a  sandstone  will 
occupy  a  stratigraphic  gap  which  widens  progressively  toward  the  shore; 
for  it  was  this  region  that  the  retreating  sea  first  laid  bare,  and  it  is  tins 
region  that  the  advancing  sea  covers  last.  Thus  the  time  interval  repre- 
sented by  the  top  and  the  bottom  of  the  sandstone  formation  widens  more 
and  more  toward  the  shore  of  the  period,  while  seaward  it  decreafies  imtil 
it  finally  dies  away,  and  with  it,  generally,  the  sandstone.  These  relation- 
ships are  expressed  in  the  following  diagrams : 


A-^ 

* 

7* 

•*t^af^^^^>5£:^  z^i|\-=— Ri    =^  fli *  I 

^*^Ma^^-:"j4-JL|^<l  r 

"""'"^     ^..^..^^ 

A^ 

..^^rSS^^^^^^Il'^^l  —'a 

FiouRB  7. — Diagrammatic  Illustration  of 
compound  Overlap;  actual  relatioMhip. 


FlOURB  8. — Diagrammatic  Illustration  of 
compound  Overlap;  showing  the  hiatus. 


Figure  7  represents  the  conditions  as  they  will  actually  appear  after 
a  period  of  combined  retreat  and  readvance.  Beds  a  to  d  are  deposited 
during  the  retreat  of  the  sea;  beds  e  to  i  during  the  readvance.  x-y  is 
the  retreatal  sandstone  reworked  by  the  advancing  sea  and  made  into  a 
basal  bed.  At  A  it  fills  the  interval  between  a  and  t;  at  B  it  forms  the 
dividing  line  between  d  and  E  and  is  no  more  than  the  basal  part  of  bed  e. 
the  stratigraphic  break  of  A  having  disappeared  entirely.  At  B,  then,  the 
sandstone  x-^  is  wholly  marine  and  may  contain  fossils  intermediate  be- 
tween those  of  d  and  f,  or  the  fosssils  of  the  deeper-water  bed  c.  farther 
out.  This  relationship  is  expressed  in  figure  8,  where  the  widening  gap 
from  y  to  x—x'  represents  the  increasing  time  interval  comprised  within 
the  sandstone  member.  It  need  hardly  be  said,  that  in  nature  the  beds  of 
the  lower  and  upper  series  will  be  so  nearly  parallel  as  to  seem  abso- 
lutely so. 

It  is  evident  that  such  a  retreatal-transgressive  sandstone  can  not  serve 
as  a  horizon  marker,  since  it  not  only  varies  in  age  in  different  localities, 
but  also  includes  within  itself  a  hiatus  which  widens  progressively  toward 
the  source  of  the  material. 

APPLICATION  OP  THB  PBINOIPLBS 

The  Saint  Peter  sandstone* — Although  there  are  numerous  examples 
of  retreatal-transgressive  beds,  only  two  cases,  the  Saint  Peter  sandstone 


•  C.  p.  Berkey :  Paleography  of  Saint  Peter  time,  Ball.  Qeol.  8oc  Am.,  toL  17,  pp. 
220-250. 
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and  the  Dakota  sandstone,  have  so  far  been  worked  out  in  any  detail. 
These  will  be  sujBScient,  however,  to  illustrate  the  foregoing  principle. 

The  Saint  Peter  formation  is  typically  developed  in  the  upper  Mis- 
sissippian  region.  In  Minnesota  it  is  a  friable  quartz  sandstone  of  ex- 
treme purity  in  most  cases.  An  analysis  of  material  south  of  Saint  Paul 
give:* 

SIO, 90.78 

F^O, trace 

MgO  ..% trace 

Sometimes,  however,  impurities  in  the  form  of  kaolin  or  iron  stain 
occur.  The  sandstone  is  mostly  of  a  white  color.  'This  white  color  is 
due  to  the  condition  of  the  surfaces  of  the  grains;  they  are  worn  simply 
to  a  dead  finish — ^not  polished,  as  can  readily  be  seen  by  immersing  them 
in  water,  when  they  become  limpid.^f  ^  texture  the  sandstone  is  some- 
what coarser  in  the  bottom  than  in  the  middle  and  upper  beds,  but  no 
conglomeratic  texture  is  known.  In  Wisconsin,  however,  dolomitic  pebbles 
from  the  imderlying  rock  are  included  in  its  base,  this  being  also  more 
or  less  eroded.  J  The  occurrence  in  the  upper  portion  of  Hormotoma 
gracilis  (Hall)  and  Lophospira  peranguLata  (Hall)  shows  its  close  rela- 
tion to  the  overlying  Stones  Eiver  beds,  with  which  it  is  perfectly  con- 
formable. 

One  of  the  most  striking  features  of  this  formation  in  Minnesota  is 
the  fact  that  its  base  is  perfectly  conformable  with  the  underlying  Lower 
Magnesian  limestone  (Shakopee),  while  its  top  is.  also  perfectly  con- 
formable with  the  overlying  Stones  Eiver  formation.  "Nowhere,''  say 
Hall  and  Sardeson,§  "is  there  any  indication,  however  slight,  of  an 
unconformity  [between  the  Saint  Peter  and  the  overlying  rock].  The 
transition  zone  of  a  green  shaly  calcareous  sandstone  shows  the  steady 
oncoming  of  the  Lower  Silurian  [Ordovicic]  sea.  .  .  .  The  Saint 
Peter  has  a  thickness  varying  from  75  to  164  feet  in  Minnesota.  It 
rests,  as  noted,  conformably  on  the  Lower  Magnesian  or  Shakopee 
dolomite,  which,  with  the  New  Eichmond  and  Oneota,  is,  as  shown  by 
Berkey  and  others,  a  normal  depositional  successor  of  the  late  Cambric. 
The  thickness  of  the  lower  Magnesian  (Oneota  to  Shakopee)  varies  from 
105  to  260  feet,  II  and  the  fossils  show  it  to  be  of  basal  Ordovicic  age. 
The  beds  overlying  the  Saint  Peter  are  32  feet  thick^f  and  are  conform- 


*  HaU  and  Sardeson :  Bull.  Geol.  Soc.  Am.,  vol.  3,  1892,  p.  351. 

t  Hall  and  Sardeson :  Loc.   cit,  p.   851. 

X  T.  C.  Chamberlln :  Geology  of  Wisconsin,  toI.  11,  1877,  p.  287. 

I  Loc.  cit,  p.  855. 

I  Hall  and  Sardeson :  Loc  clt,  p.  868. 

T  WlnclMU  and  Ulrlcb :  Paleontology  of  MinnMota,  vol.  li«  introdaetlon. 
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ably  succeeded  by  the  Black  river.  This  and  the  fossils  found  in  them 
show  these  beds  to  be  the  highest  Stones  River  (Chazy)  and  equivalent  to 
the  Lowville  or  Birdseye  of  New  York.  In  the  Champlain  valley  the 
Beekmantown  is  at  least  1^800  feet  thick,*  while  the  Chazy  is  nearly  900 
feet  thick  on  Valcour  island,!  the  lowest  beds  not  being  shown. 

It  thus  appears  that  the  Saint  Peter  sandstone  of  Minnesota  fills  the 
interval  represented  in  the  lake  Champlain  region  by  the  deposition  of 
over  1,500  feet  of  Beekmantown  dolomites  and  more  than  800  leet  of 
Chazy  limestones.  Its  perfect  conformity  with  the  overlying  and  under- 
lying beds  proves  that  this  great  hiatuB  lies  within  the  sandstone  itself. 

In  eastern  Tennessee  the  Enox  dolomite  has  a  thickness  of  about  4,000 
feet,  of  which  the  upper  half,  if  not  more,  is  basal  Ordovicic.  It  is 
succeeded  by  the  Maclurea  limestone  (Chazy,  with  Maclurea  nuigna), 
which  has  a  maximum  thickness  of  600  feet,  and  this  is  followed  by 
several  hunderd  feet  of  upper  Stones  Biver.  In  central  Tennessee  the 
Stones  Biver  group  is  360  feet  thick,  at  Cincinnati  500  feet,  and  in  central 
Kentucky  about  375  feet.  In  all  these  cases  it  is  underlain  by  a  repre- 
sentative of  the  Saint  Peter  sandstone.  J 

In  the  Arbuckle  mountains  of  Indian  Territory  the  upper  1,250  feet 
or  more  of  the  Arbuckle  limestone  are  of  the  age  of  the  Beekmantown  of 
New  York — that  is,  basal  Ordovicic.  A  slight  erosion  interval  and  some 
beds  of  pure  sand  separate  this  formation  from  the  overlying  Simpson 
series,  which  has  a  maximum  thickness  of  2,000  feet.  It  includes  at 
least  one  heavy  bed  of  sandstone  near  the  center.  The  fauna  of  the  lower 
half  of  the  formation  (below  the  sandstone)  is  that  of  the  Chazy  of 
New  York,  while  that  of  the  upper  half  is  similar  to  the  fauna  of  the 
upper  Stones  Biver  of  central  Tennessee  or  of  the  Stones  Biver  beds 
lying  between  the  Saint  Peter  and  Black  Biver,  in  the  Minnesota  area. 
It  thus  becomes  clear  that  in  the  Arbuckle  Mountain  area  as  well  as  in 
eastern  Tennessee  the  whole  or  nearly  the  whole  of  the  basal  Ordovicic 
(Beekmantown)  was  deposited  while  the  sea  retreated  from  the  Lake 
Superior  region.  That  the  Arbuckle  region  was  also  laid  bare  toward  the 
end  of  this  retreat  is  shown  by  the  erosion  plane  between  the  Arbuckle 
and  Simpson  formations.  During  the  readvance  of  the  sea  the  lower 
Chazy  beds  were  laid  down  in  the  Arbuckle  region,  but,  as  before  noted, 
they  thin  away  northward.  This  thinning  away  of  basal  beds  continued 
throughout  the  period  of  advance,  until  only  the  upper  32  feet  of  Chazy 
(Upper  Stones  Biver)  were  deposited  in  the  Minnesota  region.    Thus  the 

*  Bralnard  and  Seeley :  Bull.  Am.  Mus.  Nat.  Hist.,  toI.  Ui,  1890,  pp.  2,  8. 
t  Bralnard  and  Seeley :  Ibid.,  toI.  tHI,  pp.  806-816.     Bull.  Qeol.  8oc  Am.,  v«ri.  U, 
1891.   pp.   298-300. 
X  Wlnchell  and  Ulrich :  Loc.  «lt,  p.  xolv. 
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break  included  within  the  Saint  Peter  sandstone  of  Minnesota  is  equiva- 
lent to  the  upper  tliousand  feet  of  the  Arbuckle  plus  the  lower  1,900  feet 
or  more  of  the  Simpson  formations,  since  this  latter  formation  is  followed 
by  beds  with  a  Black  River  faima  (lower  Viola  limestone).  These  rela- 
tionships are  graphically  shown  in  the  following  diagram: 


FiGURB  9. — RelationtMp  of  the  Arbuckle  and  Simpson  and  the  Stones  River  and  Mag- 
nesian  Formations,  and  position. of  the  Saint  Peter  Sandstone. 

In  the  Nittany  valley  of  Pennsylvania*  (Center  county)  the  Beekman- 
town  consists  of  nearly  2,500  feet  of  limestones,  sometimes  brecciated, 
often  dolomitic  and  with  siliceous  sands  at  the  base.  Ophileta  complanata 
occurs  about  200  feet  above  the  exposed  base,  but  the  lowest  beds  are  not 
shown  in  this  section.  Toward  the  middle  occurs  Asaphus  marginalis 
and  Ribeiria  calcifera,  and  toward  the  top  of  the  series  Bathyurus  ampli- 
marginatus,  Maclurea  affinis,  Liospira  strigata,  Proiowarthia  rossi,  and 
Dalfnanella  subceqtuita  gibhosa.  This  fauna,  as  remarked  by  Collie,  is  an 
Upper  Beekmantown  fauna. 

The  fossiliferous  beds  are  succeeded  by  2,335  feet  of  ".  .  .  com- 
pact yellowish  gray  and  drab  dolomitic  limestone  frequently  thin  bedded 
and  laminated,  alternating  with  numerous  thin  beds  of  dark  limestone, 
weathering  to  a  light  gray  color.  Nodules  of  chert  occur  frequently,  and 
in  such  occurrence  the  rock  tends  to  be  arenaceous.^'  This  is  also  referred 
to  the  Beekmantown  by  Collie,  but  may  be  of  later  age.  It  is  followed 
by  235  feet  of  carbonaceous  crystalline  black  limestone  alternating  with 
gray  limestone  and  containing  Leperditia  fahulites,  Protorhynchula 
ridleyana,  and  other  fossils  of  Upper  Stones  River  age.  Succeeding  this 
are  93  feet  of  Black  River  and  603  feet  of  Trenton  limestone. 

Since  the  fossiliferous  horizon  below  the  2,335  feet  of  unfossilif- 
erous  ( ?)  beds  is  upper  Beekmantown  and  the  first  fossiliferous  horizon 
is  Upper  Stones  River  (Upper  Chazy),  the  lower  Stones  River,  or  Chazy 
proper,  seems  to  be  represented  by  this  unfossiliferous  ( ?)  horizon.  If, 
then,  this  series  is  taken  from  the  Beekmantown  and  added  to  the  Chazy, 
'we  have  2,500  feet — of  the  former  and  2,600  feet  (+)  of  the  latter,  a 


'  George  L.  Collie :  Ordovician  system  near  BeUefonte,  PeDDsylvania. 
I.,  Tol.   14,  pp.   407-420. 
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division  which  agrees  more  fully  with  the  Arbnckle  Mountain  section. 
Comparing  with  this  the  Mohawk  River  section^  250  miles  to  the  north, 
we  find  a  striking  discrepancy.  In  the  Mohawk  section  less  than  500  feet 
of  Beekmantown  rest  with  a  basal  conglomerate  upon  the  Adirondack 
gneisses,  and  is  followed  after  an  erosion  interval  by  at  the  most  30  feet 
of  Lowville  (=  Upper  Stones  River  or  Upper  Chazy).  This  is  conform- 
ably succeeded  by  the  Black  River  and  Trenton  limestones. 

It  is  evident  that  we  have  here  much  the  same  relationship  that  exists 
between  the  Upper  Mississippi  region  and  the  Arbuckle  Mountain  section ; 
only,  in  the  case  of  the  eastern  section,  no  sands  were  deposited  during 
the  period  of  retreat,  and  hence  none  during  the  advance.  While  the 
Beekmantown  of  the  Mohawk  valley  is  probably  not  lowest  Beekmantown, 
and  although  some  erosion  went  on,  during  the  retreat  of  the  sea,  in  the 
exposed  area,  nevertheless  it  seems  not  unlikely  that  at  least  1,000  feet  of 
Beekmantown  were  deposited  in  central  Pennsylvania  during  the  period 
of  retreat,  while,  if  the  reference  of  the  ''barren"  beds  to  the  Chazy  is 
correct,  nearly  2,600  feet  of  limestones  were  forming  in  Pennsylvania 
during  the  readvance.  If  the  barren  beds  are  Beekmantown,  the  amount 
of  deposition  in  Pennsylvania  during  the  readvance  would  only  be  about 
200  feet,  which  amount  agrees  more  nearly  with  the  rate  of  deposition 
shown  in  the  Arbuckle  region  during  the  Saint  Peter  advance. 

The  case  here  set  forth  takes  account  only  of  the  greater  movements 
and  their  results.  That  there  were  minor  movements  is  shown  by  the 
several  sandstones  intercalated  in  the  Simpson  formation  of  the  Arbuckle 
mountains  and  in  the  Ozark  series  of  Missouri.  These,  however,  did  not 
alter  the  main  course  of  events  to  any  perceptible  degree. 

The  Dakota  Sandstone  problem, — The  Dakota  sandstone  presents 
another  interesting  problem  of  a  retreatal  sandstone  worked  over  by  a 
readvancing  sea.  As  already  noted,  the  marine  sedimentation  at  the  end 
of  Fredericksburg  or  the  beginning  of  Washita  time  extended  northward 
as  far  as  central  Colorado.  On  the  Purgatoire  river,  where  the  Dakota  is 
100  feet  thick,  it  is  underlain  by  60  to  100  feet  of  dark  shales  and  shaly 
sandstones  similar  to  the  Dakota  and  carrying  in  the  shaly  portion 
Inoceramus  comanchcanus  Cragln.  Pholadomya  sancti-sabas  Roemer. 

Trigonia  emoryi  Ck>nrad?  Protocardia  texana  Ck>nrad. 

Cardium  kansasente  Meek.  Leptosolen  conradi  Meek. 

Cyprimeria  sp.  Tapes  sp. 

This  rests  on  15  to  60  feet  of  coarse  gray  cross-bedded  sandstone,  which 
in  turn  rests  on  the  Morrison  beds.*  Similar  conditions  exist  in 
Oklahoma  and  New  Mexico. 

•  BUnton :  Journal  of  Geology*  vol.  xUl,  1905,  pp.  d67-6<^. 
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At  Two  Buttes  uplift,  in  southern  Colorado,  the  shales  beneath  the 
Dakota  famish  farther 
Oryphoea  corrugata  Say.  Paohydiscus  l^razoensis  (Shnmard). 

and  others.    The  beds  appear  to  rest  directly  on  the  eroded  surface  of  the 
Bed  beds. 

On  the  Cimarron,  in  western  Oklahoma,  the  fossiliferous  Comanche 
beds  beneath  the  Dakota  are  dark  shales,  with  layers  of  brown  flaggy 
sandstone  and  bands  of  somewhat  calcareous  sandstone  50  to  60  feet 
thick.    They  contain 

Oryphasa  eorrugaia  Say.  Protocardia  multilineata  Shnmard. 

OstrcBa  suhovaia  Shumard.  Pholadomya  8ancti-8ah<B  Roemer. 

O.  quadriplicata  Shnmard.  Anchura  kUnoana  Gragln? 

Plicatula  incanyrua  Conrad.  Tunritella  aeriatim-granulata  Roemer. 

Jnoceramus  comancheanua  Cragin.  Hamiten  fremonti  Maroon? 

OenHlliensis  invagitiata  White.  Pachydiscu8  hrazoensU  (Shnmard). 
Triffonia  emoryi  Conrad. 

Below  these  beds,  and  resting  with  apparent  disconformity  on  the 
Morrison,  are  coarse  cross-bedded  sandstones  with  irregular  bands  of 
pebbles,  varying  from  4  to  16  feet  in  thickness. 

This  horizon  with  Oryphxa  corrugata  was  traced  westward  to  about 
30  miles  east  of  Polsom,  New  Mexico.  At  Tucumcari  60  feet  of  fossil- 
iferous shales  and  sandstones  underlie  the  Dakota,  and  at  Canyon  City, 
Colorado,  85  feet  of  these  shales  and  thin  bedded  sandstones  underlie  the 
Dakota,  and  are  separated  from  the  Morrison  by  35  feet  of  massive  gray 
sandstone  with  bands  of  fine  conglomerate  near  the  top. 

These  beds  are  correlated  with  the  Kiowa  and  Mentor  beds  of  Kansas 
(Stanton).  Regarding  the  age  of  these  beds,  Cragin*  considered  that 
they  ^'represent  a  group  of  sediments  intermediate  between  the  Fredericks- 
burg and  Washita  division,  and  one  which,  as  a  meeting  ground  of  the 
faunas  of  these  two  divisions,  can  not  satisfactorily  be  referred  to  either."  f 
Hill,  J  on  the  other  hand,  holds  that  the  beds  "represent  the  modified, 
attenuated  northern  portion  of  the  Washita  division,  and  probably  a 
portion  of  the  Fredericksburg  division  of  the  Comanche  series  of  Texas." 
Though  there  is  a  difference  here  as  to  the  classification  of  the  ''Kiowa 
division,"  as  Cragin  proposed  to  call  it,  there  is  unanimity  in  regarding 
it  as  representing  the  border  line  of  the  Fredericksburg  and  Washita. 

At  Marquette,  McPherson  county,  Kansas,  the  following  sections  oc- 
curs :§ 

*  Amerlcftn  Geologist,  vol.  xvl,  pp.  367-386. 

tibld. :  Loc.   dt,    p.   388 

I  Am.  Jour.  Sci..  3d  ser.,  toI.  49,  pp.  205-235. 

I  C.  N.  Gould :  American  Geologist,  toI.  25,  pp.  35,  36. 
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11.  Equus  bed  ±50 

10.  Dark  brown  to  black  sandstone,  forming  prominent  escarpments,  very 

fosslllferous  in  a  layer  1  to  2  feet  thick  In  the  middle  of  the  ledge.  8 
The  fossils  are  listed  by  Gould.* 

9.  Soft  yellow  sandstone 2 

8.  Hard  massive  gray  and  yellowish  sandstone 4 

7.  Yellowish  and  bluish  shales 16 

6.  Rather  hard  yellowish  sandstone 8 

6.  Bluish  to  yellowish  paper  shales,  very  like  Kiowa,  with  aelenite  and 

cone-in-cone  gypsum ;  contains  layers  of  soft  yellow  sandstone  with 

dicotyledonous  leaves 40 

4.  Two  Bix-inch  ledges  of  very  fossiliferous  limestone  separated  by 

shales   8 

The  fossils  are  listed  by  Gould.t 

8.  Shales  like  the  Kiowa,  with  iron  pyrites,  selenlte,  and  cone-ln-cone 

gypsum  20 

2.  Gray  to  yellowish  sandstone,  with  much  lignite  and  crushed  plant 

material  in  places ;  very  like  Cheyenne 4 

Total  Gomanche-Dakota 106 

Disconformity. 
1.  Permian  shales,  red,  blue,  green,  etc. 

The  sandstone  number  10  has  all  the  appearance  of  the  Dakota  sand- 
etone  and  lies  50  feet  above  the  stratum  in  which  \he  first  disotyledoncns 
plant  remains  are  found.  Lithically  this  entire  series  belongs  in  the  base 
of  the  Dakota.  Simillar  conditions  exist  at  Mentor^  20  miles  northeast, 
but  the  exposures  are  not  so  satisfactory. 

The  fauna  of  both  the  lower  and  upper  beds  is  that  of  the  Kiowa  shales. 
In  the  typical  section  this  comprises  125  to  150  feet  of  bluish  gray  paper 
shale,  becoming  more  arenaceous  upward.  Interspersed  throughout  the 
formation  are  layers  of  hard  gray  limestone,  soft  sandstone,  and  pebbles. 
63rp8um  occurs  throughout  and  the  shales  are  fossiliferous.  The  fauna 
as  listed  by  CraginJ  contains  51  species  of  intertebrates  and  13  species 
of  vertebrates. 

The  base  of  the  Kiowa  shales  of  Kansas  is  formed  by  the  Champion 
shell-bed,  a  thin  stratum  of  shell  conglomerate  commonly  less  than  a 
foot  in  thickness  and  rarely  more  than  a  foot  and  a  half.  GryphsBa  hUU 
is  the  only  fossil  found  in  it  in  some  localities,  but  elsewhere  a  consider- 
able number  of  species  have  been  found.  Of  36  species  listed  by  Cragin, 
22  pass  upward  into  the  Kiowa  shale,  the  remainder  apparently  not 
occurring  above  the  shell-bed.  Among  these  latter  is  Gryphsea  hilli,  which 


•  Ibid.,  p.  37. 

t  Loc  dt.,  pp.  36,  37. 

t  American  Geologist,  vol.  xvi,  1896,  pp.  372,  878. 
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is  an  abundant  and  characteristic  fossil  of  the  Comanche  Peak  and 
Walnut  beds  (Fredericksburg)  of  Texas.  A  number  of  other  charac- 
teristic species  of  this  bed  do  not  occur  above  the  Fredericksburg  horizon 
in  Texas.  On  this  account  Cragin  thinks  that  .  .  .  "the  Champion 
shell-bed  should  be  referred  to  the  Fredericksburg  division  and  perhaps 
to  a  horizon  not  higher  than  the  middle  of  that  division.*'* 

The  Champion  shell-bed  is  underlain  by  the  Cheyenne  sandstone,  which 
rests  disconformably  on  the  Red  beds.  It  consists  of  soft  variegated 
grayish  or  yellowish  cross-bedded  sandstones  in  the  lower  part,  with  peb- 
bles of  quartz,  clay  granite,  etc.,  smoothly  water-worn  and  ranging  in 
size  up  to  a  hen's  egg.  They  are  often  seen  in  pockets  on  the  Red  beds. 
Lignite  and  other  carbonaceous  matter  also  occurs  here.  The  upper  part 
consists  of  alternating  vari-colored  sandstones,  sandy  shales,  and  hard 
argillaceous  shales.  The  total  thickness  ranges  from  50  to  100  feet.  From 
the  upper  part  of  thia  sandstone  dicotyledonous  plants  of  the'  genera 
Rhus,  Sassafras,  Sequoya,  etc.,  are  obtained.  No  animal  remains  have 
been  recorded  from  this  formation,  which  is  probably  entirely  of  conti- 
nental origin. 

In  the  Arbuckle  mountains  of  Indian  Territory  the  Cretacic  beds 
rest  on  a  nearly  flat  floor  of  older  rocks.  The  base  consists  of  approxi- 
mately 240  feet  of  sands,  with  local  conglomerates  at  the  bottom.  They 
are  succeeded  by  the  Goodland  limestone,  20  to  30  feet  thick,  and  a  nearly 
pure  limestone  formation.  Above  this  lie  the  Kiamitia  cla)rs,  Caddo 
limestone,  Bokchito  formation,  and  Bennington  limestone,  aggregating 
nearly  840  feet  in  thickness.  The  upper  beds  are  slightly  eroded  and 
succeeded  by  the  Silo  sandstone,  which  is  in  part  at  least  of  Dakota  agcf 

The  Goodland  limestone  is  correlated  with  the  entire  Fredericksburg — 
that  is.  Walnut,  Comanche  Peak,  and  Edwards — ^while  the  underlying 
sands  are  called  Trinity.  This  correlation  is  no  doubt  just  as  erroneous 
as  was  the  former  reference  of  the  Cheyenne  sandstone  to  the  Trinity. 
The  fact  that  a  lower  Cretacic  formation  is  a  basement  sand  does  not 
make  it  Trinity  in  age,  since  basement  sands  can  be  of  any  age.  The 
combined  thickness  of  the  Comanche  Peak  and  Edwards  (the  Walnut  is 
only  a  phase  of  these  limestones)  on  the  Rio  Grande  is  in  the  neighbor- 
hood of  700  feet,  while  in  Mexico  it  is  still  greater.  This  shows  clearly 
that  the  Goodland  limestone  can  represent  only  a  part — that  is,  the  upper 
part,  though  probably  not  the  highest  part — of  the  Fredericksburg,  and 
that  the  so-called  Trinity  sands  are  really  basal  sands  of  Fredericksburg 

•Craffin:  Loc.  cit.,  p.  871. 

t  Ttitl :  Professional  paper  no.  31,  U.  8.  Geological  Sarvey,  Tishomingo  and  Atoka 
folios. 
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age  which  have  overlapped  the  Trinity.  Here,  as  in  the  case  of  the 
Cheyenne  sandstone,  the  simple  application  of  the  principle  of  progres- 
sive overlap  will  give  the  right  solution  of  the  problem. 

The  Kiamitia  clay  is  equivalent  to  the  Kiowa  shales  of  Kansas,  both 
being  at  the  Fredericksburg-Washita  boundary.  The  Caddo,  Bokchito, 
and  Bennington  formations,  however,  are  later  Washita  beds.  Here, 
then,  we  have  clear  evidence  that  the  Dakota  retreat,  beginning  in  central 
Colorado  and  Kansas  at  the  commencement  of  Washita  time,  reached 
the  Arbuckle  Mountains  region  only  toward  the  middle  of  that  period, 
after  nearly  700  feet  of  additional  strata  had  been  deposited  in  this  more 
southern  region. 

It  is  not  at  all  improbable  that  while  the  Kiowa  (Kiamitia)  days  were 
forming  the  upper  Edwards  limestone  of  southern  Texas  and  Mexico  was 
still  being  deposited. 

In  northern  Texas  the  Washita  division  is  about  500  feet  thick  and 
consists  of  clays,  marls,  and  some  limestone  beds,  the  whole  resting  con- 
formably on  the  Goodland  limestone.  At  the  base  lie  the  Kiamitia  clays 
with  Oryphma  corrugata,  while  the  top  is  formed  by  the  Grayson  maris, 
which  are  apparently  conformably  succeeded  by  the  Dexter  sands  of  the 
Woodbine  (Dakota).  In  the  Austin  region  the  corresponding  deposits 
(Georgetown,  Del  Eio,  and  Buda)  are  chiefly  limestones,  some  of  them 
even  chalk  of  foraminiferal  origin;  hence  it  is  not  surprising  to  find 
the  series  much  thinner  in  that  section.  The  top  of  the  section,  more- 
over, is  here  marked  by  an  erosion  interval,  and  hence  the  whole  of  the 
Buda  (elsewhere  100  feet  thick)  is  not  shown.  This  erosion  interval  is 
important  as  indicating  the  extent  to  which  the  Dakota  retreat  took 
place,  the  Austin  region  being  lifted  into  dry  land. 

The  Dakota  of  Texas  is  known  as  the  Woodbine.  In  the  northern 
section  it  is  at  least  600  feet  thick,  at  Denison  about  500  feet,  and  at  Fort 
Worth  about  300  feet.  Near  Waco  it  has  thinned  to  45  feet,  and  on  the 
Brazos  it  has  disappeared  altogether.  Hill  states  that  it  apparently  rests 
unconformably  on  the  Grayson  marls  and  Main  Street  limestone  of  the 
Denison  beds  of  the  Washita  division.  "The  upper  beds  pass  by  in- 
separable transition  from  sands  into  sandy  clays  and  finally  into  the 
bituminous  clays  of  the  Eagle  Ford  formation.  This  transition  is  so 
gradual  that  no  exact  line  of  separation  can  be  drawn  between  the  Wood- 
bine and  Eagle  Ford  formations.  The  parting  is  arbitrarily  established 
at  the  zone  of  Exogyra  columbella,  which  is  considered  as  the  top  of  the 
Woodbine  formation."*  The  disconformity  at  the  base  of  the  section 
can  not  be  great,  if  it  exists  at  all.     Of  course,  the  emergence  at  the 

*  B.  T.  HiU :  Twentj-flrst  Ann.  Rept  U.  8.  Geological  8anrc7t  Pt  ▼!!•  p.  SM. 
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beginning  of  Woodbine  deposition  (Dexter  sands)  would  allow  a  certain 
amount  of  erosion,  probably  by  the  streams  which  later  spread  out  the 
Dexter  sands.  The  presence  of  dicotyledonous  plants  and  the  absence 
of  marine  organisms  indicate  that  these  sands  were  spread  by  streams. 
Sometimes  a  clay  marks  the  transition  from  the  Grayson  marls.  The 
presence  of  glauconite  in  the  lower  beds  suggests  that  at  first  they  were 
deposited  in  a  shallow  sea,  and  that  only  during  the  progress  of  deposition 
of  the  sands  did  emergence  occur.  If  this  is  the  case,  there  can  be  no 
serious  break  between  the  Grayson  marls  and  the  basal  Dexter  sands, 
and  from  the  description  of  the  sections  there  appears  to  be  none.  False 
bedded  structure  is  a  characteristic  feature  of  these  sands,  whose  thickness 
is  approximately  160  feet. 

It  was  apparently  during  this  period  of  emergence  that  the  erosion  at 
Austin  took  place.  This  is  believed  to  be  the  case,  because  the  succeeding 
beds  of  the  Woodbine  (Lewisville  beds)  carry  a  marine  fauna,  and  hence 
mark  the  readvance  of  the  sea.  The  Lewisville  beds  consist  of  laminated 
lignitic  sands  and  clays^  interstratified  with  brown  sands,  ferruginous 
sandstones,  and  argillaceous  shelly  sandstones,  aggregating  100  feet.  The 
fauna  of  this  bed,  listed  by  Hill,*  is  peculiar,  in  that  it  is  unknown  above 
or  below  this  horizon.  This  indicates  a  considerable  period  to  have 
elapsed  before  the  readvance  of  the  sea  took  place.  The  higher  beds  of 
the  Woodbine  are  sands  and  clajrs,  often  fossiliferous,  and  pass  upward 
into  the  overlying  Eagle  Ford  formation. 

The  Eagle  Ford  formation  of  Texas  is  essentially  a  bituminous  clay. 
It  rests  directly  on  the  Buda  limestone  in  central  Texas,  having  there 
become  a  flaggy  argillaceous  limestone.  ^The  thickness  of  the  formation 
varies  considerably,  from  250  feet  on  the  Eio  Grande  to  600  feet  in  north- 
em  Texas,  with  varying  thicknesses  at  other  points.  In  the  Austin  region 
it  is  only  30  feet  thick,  but  here  only  the  upper  beds  of  the  formation  rest 
upon  the  post-Buda  erosion  plane. 

In  southern  Kansas  the  typical  Dakota  sandstone  is  followed  by  lignitic 
sands,  bituminous  shales,  and  saliferous  and  gypsiferous  shales  with 
marine  fossils,  followed  by  350  to  400  feet  of  shales  and  limestones  with 
the  typical  fauna  of  the  lower  Colorado  or  Benton  group,  Inoceramus 
IdbiatiLS  predominating. 

In  the  Front  Range  region  of  Colorado  these  shales  (Benton)  vary  in 
thickness  from  500  to  700  feet,  while  farther  north,  in  the  Bighorn 
Moimtains  they  increase  to  1,300  feet,  and  in  the  Black  Hills  to  1,600 
feet.f     Throughout  most  of  the  region  the  characteristic  fauna  with 

«  Hill :  Loc.  clt.,  p.  814. 

t  N.  H.  Darton :  Ball.  Oeol.  Soc.  Am.,  toI.  16,  pp.  370-448.  Professional  paper  no.  32, 
U.  8.  Geological  Buryey. 
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Inoceramus  Idbiaius  begins  from  200  to  500  feet  below  the  top  of  the 
series,  in  an  impure  limestone  averaging  50  feet  in  thickness.  This  lime- 
stone (the  Greenhorn)  apparently  represents  the  successful  accomplish- 
ment of  the  post-Dakota  marine  invasion,  the  underlying  shales,  except 
in  the  southern  area,  showing  little  if  any  evidence  of  marine  occupation. 
In  fact,  it  is  not  improbable  that  800  to  900  feet  of  the  Lower  Granero? 
shales  and  included  sandstones  of  the  northern  region  are  chiefly  of  non- 
marine  origin,  representing  the  continued  deposition  of  fine  material 
during  the  period  of  continued  southward  retreat  and  early  advance  of 
the  sea.  This  would  explain  the  increase  in  thickness  northward  of  the 
Graneros  shales.  The  only  fossils  recorded  from  these  shales  in  the 
northern  region  are  dicotyledonous  plants  and  fish  scales. 

The  Carlisle  groflp  overlies  the  Greenhorn  (Inoceramus  laJnaius) 
limestones  and  constitutes  the  upper  member  of  the  Benton  division. 
This  group  consists  mostly  of  clays,  with  some  limestones  and  sandstones. 
It  is  as  a  whole  not  very  f ossilif erous,  but  certain  beds  are  characterized 
by  Prionocyclus  Wyoming ensis  and  Prionotropis  woolgari. 

The  Eagle  Ford  beds  are  succeeded  by  the  Austin  chalk  with  a  tiiick- 
ness  of  600  feet  in  central  Texas,  but  1,500  feet  on  the  Rio  Grande.  In 
Colorado  this  series  is  represented  by  the  Niobrara  formation,  with 
Inocoramus  deformis  and  Ostrea  congesta.  This  is  700  feet  thick  in 
southern  Colorado,  where  it  rests  on  about  200  feet  of  Benton,  North- 
ward, in  the  Black  hills,  where  the  Carlisle  has  a  thickness  of  from  600 
to  700  feet,  the  Niobrara  is  only  about  200  feet  thick,  thinning  to  100 
feet  toward  the  northwest. 

Above  the  Niobrara  comes  a  g^eat  thickness  of  clay  shales,  the  Pierre. 
These  have  a  recorded  thickness  of  4,000  feet  in  southern  Colorado,  in- 
creasing to  over  7,000  feet  in  the  Denver  region,  but  decreasing  to  2,700 
feet  in  the  Bighorn  mountains  and  to  1,200  feet  in  the  Black  hills.  Beds 
of  sandstone  become  iutercalated  in  the  thicker  sections,  as  at  Denver, 
where  a  bed  of  sandstone  from  100  to  350  feet  thick  occurs  near  the 
middle.  The  succeeding  Fox  Hill  beds,  which  are  mainly  sandstones, 
have  an  average  thickness  of  300  feet  or  less,  though  increasing  to  1,000 
feet  in  the  Denver  region.  Marine  fossils  occur,  together  with  plant 
remains,  the  whole  series  grading  up  into  the  great  non-marine  Laramie 
formation. 

In  the  northern  region  the  Austin  chalk  grades  up  into  the  Taylor 
marls  and  Eagle  Pass  or  Navarro  formation.  These  are  the  Bxogyra 
ponderosa  beds.  The  Taylor  marls  are  about  700  feet  thick  in  southern 
Texas,  and  600  feet  in  central  Texas.  The  overlying  Navarro  has  a 
thickness  of  4,300  feet  on  the  Bio  Grande  and  consists  mainly  of  sand- 
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stones  with  beds  of  clay  and  glanconite  and  with  several  coal  seams  about 
1,200  feet  above  the  base.  Marine  fossils  occur  almost  throughout  the 
series,  but  Laramie  plants  have  been  found  in  the  neighborhood  of  the 
coals. 

The  interpretation  of  these  sections  in  the  light  of  the  principles  dis- 
cussed shows  us  that  the  Dakota  sandstone  represents  the  deposits  be- 
tween the  retreat  and  readvance  of  the  sea.  The  retreat,  as  we  have  seen, 
began  in  Washita  time,  almost  at  the  beginning  of  that  period.  The  Wash- 
ita division  itself  is  the  depositional  equivalent  of  the  retreatal  Dakota 
sandstone,  and  hence  the  lower  Dakota  is  actually  of  Washita  age — of 
lowest  Washita  in  the  northern  and  of  highest  Washita  in  the  southern 
area.  The  retreat  of  the  sea  was  considerable,  as  shown  by  the  uncon- 
formity between  the  Buda  and  the  Eagle  Ford  and  by  the  thinness  of  the 
latter.  With  the  readvance  of  the  sea,  a  new  fauna,  an  immigrant  from 
Europe,  came  in;  and  as  the  sea  continued  to  advance,  the  continental 
sands  of  the  Dakota-Woodbine  Graneros  were  reworked  and  incorporated 
as  basal  deposits  of  later  Cretacic  age.  The  Upper  Dakota  sandstone  is 
thus  of  Eagle  Ford-Benton  age,  the  return  of  the  sea  being  finally  accom- 
plished in  mid-Benton  time. 

From  this  it  appears  that  the  Dakota  sandstone  can  not  be  included  as 
a  time  element  of  the  standard  scale,  since  it  represents  different  time 
in  different  localities.  This  consideration  also  suggests  that  the  Washita 
be  made  the  base  of  the  Middle  Cretacic,  the  classification  being  ap- 
proximately the  following: 

Marine.  Non-marine. 

Upper  Cretacic-Montanan       I  Tavk)V°^^V».  Laramie.  . 


Mid-Cretacic 


fColoradoan    )  ^"^{^"Ford/ 


Lower  Cretacic-Comanchean   {  Trinity. ''^^^°''^' 

If  two  systems  are  to  be  made  from  the  present  Cretacic,  the  Comanchic 
system  would  end  with  the  W^shitan,  and  the  Cretacic  begin  with  the 
Coloradoan,  the  unknown  base  of  which  must  be  looked  for  in  southern 
Texas  or  in  Mexico. 

Non-marine  Pboo^essive  Overlap 

explanation  of  the  term 

This  term  is  applied  to  the  large  structure  normally  produced  during 
the  formation  of  a  great  fan  or  subaerial  delta  from  the  wash  carried  by 
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the  streamB  from  the  moimtaiiis  and  deposited  on  the  plains  adjoining. 
Such  a  subaerial  fan  will,  of  course,  grow  year  by  year;  and  in  so  growing 
the  latest  deposits,  whether  derived  from  the  mountains  or  whether 
obtained  through  the  reworking  of  the  previously  deposited  portion,  will, 
as  a  rule,  extend  farther  out  on  the  plain  than  did  the  deposits  of  previous 
periods.  In  other  words,  each  later  formation  will  overlap  the  previous 
ones  by  a  maigin  commensurate  with  the  increase  in  the  size  of  the  fan, 
and  beyond  the  margin  of  the  previously  formed  bed  it  will  come  to  rest 
directly  on  the  floor  of  the  plain.  This  overlapping  of  later  formed  over 
earlier  beds  will,  of  course,  be  progressive,  if  the  growth  of  the  fan  is 
continuous.  The  essential  point  of  difference  between  this  type  of  overlap 
and  that  formed  in  a  transgressing  sea  is  that  in  the  subaerial  fan  the 
formations  will  overlap  one  another  in  the  direction  away  from  the  source 
of  supply  of  the  material;  while  in  marine  progressive  overlap  (trans- 
gressive)  the  overlap  is  toward  the  source  of  supply  of  the  material.  The 
following  diagrams  will  illustrate  this  difference,  the  source  of  supply  in 
each  case  being  on  the  left. 


AMrrrr  of  Sn/f^  Sojtrce  9/ Ju/>/>ff 


FiauBB  10. — Vwn-marint  progretHve  Overlap.     Figueb  11. — Marine  ftroifrmHve  Oterlap. 

The  coarsest  material  of  the  subaerial  fan  will,  of  course,  be  deposited 
near  the  head  of  the  delta.  Finer  material  may  be  carried  out  for 
hundreds  of  miles  across  such  a  delta,  as  is  plainly  shown  by  the  delta- 
plains  of  the  Indus,  Ganges,  and  Yellow  rivers.  Occasionally  pebbles 
well  rounded  may  be  carried  out  to  great  distances,  and  this  is  especially 
true  of  the  well  rounded  pebbles  derived  from  older  conglomerates.  When 
the  surface  of  the  delta  has  become  very  flat,  drainage  obstructions  may 
take  place,  in  which  case  swamps  and  deposits  of  carbonized  plant  remains 
will  form.  Thus  a  fossil  delta  of  this  type  may  include  coal  seams,  the 
tops  of  which  may  again  be  eroded  or  covered  with  a  moderately  coarse 
river  deposit. 

Another  type  of  non-marine  overlap  is  that  connected  with  a  retreating 
seashore,  in  which  case  the  overlapping  of  the  non-marine  beds  will  be, 
not  on  the  old  plain  surface,  but  on  previously  deposited  and  all  but  con- 
temporaneous marine  beds.  Along  the  border  line  the  two,  marine  and 
non-marine,  will  blend,  and  it  will  appear  as  if  the  non-marine  overlies 
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the  marine,  though  in  reality  it  is  more  a  replacement  of  the  one  by  the 
other.    The  following  diagram  will  make  this  clear : 


FiGUBB  12. — Overlap  Relation  of  marine  and  non-martne  Beds. 
BXAMPLBB  OF  NON-MARINE   PROQRBSaiVB  OVERLAP 

Chemung-Catskill. — ^A  typical  example  of  the  last  described  type  of 
overlap  is  seen  in  the  case  of  the  Catskill  and  Chemung  formations  of 
New  York  and  the  northern  Applachians  generally.  Here  the  non-marine 
Catskill  begins  in  Portage  time  as  the  Oneonta,  and  is  gradually  but 
progressively  pushed  westward  an*  northwestward  until  it  has  reached 
the  very  summit  of  the  Chemung.  Thus  in  the  Ithaca  region  the  red 
sedimentation  of  the  Catskill  type  does  not  begin  until  upper  Chemung 
time.  In  the  Olean  region  farther  west  it  begins  in  the  Cattaraugus  beds 
above  the  Chemung  (Devono-Carbonic  transition).  Thus,  while  the 
Chemimg  is  fully  developed  in  western  New  York,  it  is  absent  in  eastern 
New  York  and  Pennsylvania,  where  the  Catskill  type  of  sedimentation 
alone  occurs.  Between  these  two  points  both  are  seen,  the  non-marine 
always  overlying  the  marine.  This  relationship  is  shown  in  the  following 
diagram: 


^— \  -  /no nn e  ^ — ^^ >i  - -S— >r-— '^~    -r 


FiGUBfe  13. — Overlap  Relation  of  marine  Chemung  and  non-marine  Oatskill  Beds. 

The  Pocono. — This  is  the  lowest  of  the  Appalachian  Lower  Carbonic 
formations  and  represents  the  continued  non-marine  sedimentation  from 
the  Appalachians  northwestward  to  the  western  Pennsylvania  region. 
The  original  easternmost  extension  of  this  formation,  as  of  the  preceding 
and  succeeding  non-marine  formations,  has  been  removed  by  erosion;  so 
that  we  find  at  the  present  time  only  portions  which  originally  were 
accumulated  at  some  distance  from  the  highland  which  furnished  the 
material. 
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That  the  Pocono  Ib  non-marine  is  shown  by  the  absence  of  fossils,  ex- 
cept as  noted  below.  The  fact  is  farther  indicated  by  the  relationships 
of  the  strata,  which  conform  to  the  non-marine  type  of  overlap.  The 
source  of  the  material  of  this  formation  was  in  the  Appalachian  old- 
lands  on  the  southeast,  as  is  shown  by  the  decreasing  coarseness  toward 
the  northwest,  and  by  the  fact  that  no  land  capable  of  furnishing  the 
material  of  this  rock  existed  in  Ohio,  western  New  York,  or  Canada. 
which  were  extensively  covered,  at  the  time  of  the  formation  of  the 
Pocono,  by  marine  Devonic  strata,  many  of  them  limestones.  The  char- 
acters of  this  formation  will  be  best  shown  by  two  sections  from  the 
eastern  area. 

1.  Section  of  the  Pocono  in  the  Northern  Anthracite  Fields,  in  Wayne  Oowity, 

Pennsylvania,  about  10  Miles  South  of  the  New  York  Line.* 

Ftet 

a  Sandstone 40 

7.  Sbale  and  sandstone 200 

6.  Massive  sandstone *. 125 

0.  Bhale  and  current  bedded  sandstone 266 

4.  Griswold  Gap  conglomerate 36 

3.  Sandstone  and  sbale,  imperfectly  exposed 150 

2.  Sandstone  and  sandy  sbale 200 

1.  Mount  Pleasant  conglomerate 25 

Totel 1,010 

0.  CatakiU. 

Beds  1  to  3  are  regarded  by  White  as  transitions  from  the  CatskilL 

II.  Section  at  PottsviUe.^ 

Pett 

6.  Sandstone,  more  or  less  conglomeratic 521 

6.  Slate 22 

4.  Sandstone,  wltb  mucb  conglomerate 726 

3.  Sandstone  witb  little  conglomerate 240 

2.  Sandstone,  variegated 400 

1.  Red,  gray,  olive,  and  yellow  sandstone,  witb  some  sbales  and  con- 

glomerates, transitional  from  Catakill 525 

Total 2,443 

0.  Catskill. 

On  the  Susquehanna  the  formation  is  2,000  feet  thick.     It  becomes 
coarser  toward  the  southeast,  the  pebbles  in  Maryland  being  sometimeB 

*  Stevenaon :  Lower  Carboniferoaa  of  the  AppalacMan  iMLSin.     Ball.  Geol.  See.  Am., 
vol.   14,   1903.   p.   18.     (SUghtly  altered.) 

I.  C.  White :  Second  Geol.  Survey  of  PennsylTanla,  Q  6,  1881,  p.  56. 
t  Stevenaon :  Loc   cit. 
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three-fourths  of  an  inch  in  length  or  over.  In  this  region*  interbedded 
fossiliferoufi  shales  oceur^  showing  the  proximity  of  the  sea  and  its  occa- 
sional invasion  of  the  growing  Pottsville  fan.  In  Huntingdon  and  Bed- 
ford counties,  Pennsylvania,  where  the  thickness  of  the  formation  is  from 
1,100  to  1,200  feet,  and  where  it  is  mostly  sandstone,  a  shaly  layer  with 
marine  fossils  (Spirifer,  Bhyndionella,  and  productoid  forms)  has  been 
discovered  400  feet  above  the  base  of  the  series.  This  and  the  Maryland 
sections  are  about  in  a  line  parallel  to  the  front  of  the  growing  fan,  as 
shown  by  the  correspondence  of  tiie  thickness. 

In  tracing  the  Pocono  northwestward,  we  find  that  in  the  northwestern 
part  of  Lycoming  county,  Pennsylvania,  it  consists  of  665  feet  of  current- 
bedded  sandstones,  with  a  one-foot  seam  of  coal  lying  80  feet  above  its 
base.  In  the  northwest  of  Lycoming  county  its  thickness  is  reduced  to 
350  feet  and  it  is  still  a  current-bedded  sandstone.  In  Potter  county, 
Pennsylvania,  we  have  330  feet  of  sediments,  with  a  thin  layer  of  coarse 
sand  or  conglomerate,  the  Shenango,  at  the  top.  Westward  from  this  the 
pebbles  become  flat,  like  those  of  the  underlying  Chemung  sandstones. 
In  McKean  county,  Pennsylvania,  the  Pocono  is  not  much  over  200  feet 
thick,  the  Shenango  being  40  feet.  In  most  of  these  northwestern  sections 
intercalated  strata  with  marine  fossils  show  the  presence  of  the  Waverly 
sea,  which  laved  the  front  of  the  great  Pocono  fan  and  into  which  its 
edge  dipped.  Downward  these  beds  grade  into  f ossiliferous  Lower  Car- 
bonic strata,  which  are  the  contemporaneous  deposits  of  the  eastern  end  of 
the  Waverly  sea.  The  margin  of  this  sea  was  gradually  pushed  westward 
by  the  growing  fan,  as  shown  by  the  character  of  the  deposits. 

If  we  glance  for  a  moment  at  the  contemporaneous  marine  deposits  of 
the  Ohio-Michigan  area  we  find  that  the  coarseness  of  the  material 
decreases  toward  the  northwest.  Many  sandstone  beds,  like  the  Berea, 
die  out  in  northern  Michigan,  while  beds  like  the  Logan  change  from 
conglomerates  to  sandstones.  This  indicates  the  Appalachian  source  of 
the  material,  even  of  the  marine  deposits,  showuxg  that  the  streams  which 
built  the  subaerial  fan  also  supplied  the  material  for  the  bordering  marine 
strata. 

In  the  summary  given  by  Stevensonf  of  the  Pocono,  the  vital  fact  is 
brought  out  that  the  thinning  of  the  Pocono  in  northwestern  Pennsyl- 
vania and  in  West  Virginia  is  due  ^'apparently  in  parf  ^  to  '^oss  of  the 
lower  beds.''  The  significance  of  this  fact  is  best  stated  in  Professor 
Stevenson's  own  words: 

'The  Pocono  of  Pemisylvania,  Ohio,  Kentacky,  and  Virginia  has  been  rs^ 
garded  by  most  geologists  as  Lower  Carboniferous  throughout    The  Pocono  of 

•  Biaryland  Qeologlcal  Survey,  Garrett  eoanty,  p.  16S. 
t  Sterenton :  Loc  dt.,  pp.  89,  40. 

LTII— Bull.  Giol.  Boc.  AM.^yoL.  17,  1006  
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the  eastern  outcrops  in  Pennsylvania  has  been  accepted  as  the  equivalent  of 
that  in  the  western  counties,  as  though  the  westward  decrease  were  due  merely 
to  lessened  thickness  in  each  of  the  subdivisions.  It  must  be  clear,  bowerer. 
.  .  .  that  the  loss  in  thickness  is  due  very  largely  to  disappearance  of  the 
lower  members  of  the  section,  as  is  the  case  also  southward  from  central 
Kentucky  and  southern  Virginia,  so  that  in  Alabama  and  much  of  Tennessee 
only  the  uppermost  beds  remain.    A  new  correlation  appears  to  be  necessary."^ 

The  general  change  in  the  character  of  the  sediments  from  conglom- 
erates and  coarse  sandstones  in  the  east  to  shales  in  the  west  is  also 
emphasized  by  Stevenson.  The  relationships  of  these  deposits  may  be 
expressed  in  the  following  diagram: 


FiGUBB  14. — Relation  of  Waverley  and  Chemung  Formationt  to  the  Pocono  and  CattkUL 

The  Mauch  Chunk, — The  Mauch  Chunk  period  of  Appalachian  history 
seems  to  have  been  a  period  of  more  stationary  conditions,  accompanied  by 
some  subsidence,  as  shown  by  the  fact  that  fine  sediments  characterize 
the  formation  throughout,  and  also  by  the  presence  of  extensive  marine 
limestones.  In  the  northern  Appalachians  heavy  non-marine  sediments 
still  accumulated.  Thus  in  the  type  region  2,168  feet  of  red  shales,  with 
some  sandstones  in  the  upper  part,  constitute  this  formation.  A  little 
north  of  Mauch  Chunk,  Pennsylvania,  the  formation  of  this  name  has  a 
thickness  of  3,342  feet  and  consists  almost  wholly  of  red  shales. 

In  the  Broad  Top  region  of  Huntingdon  county,  Pennsylvania,  the 
basal  part  of  the  Mauch  Chunk  consists  of  141  feet  of  shales  and  sand- 
stones, followed  by  49  feet  of  limestone  (Greenbrier),  and  this  by  910 
feet  of  sandstones  and  shales.  In  northeastern  Lycoming  county,  30 
miles  from  Mauch  Chunk,  the  base  of  the  formation  consists  of  120  feet 
of  shales,  followed  by  75  feet  of  marine  limestone  and  150  feet  of  shales. 
In  northwestern  Lycoming  county  the  basal  beds  have  been  reduced  to 
80  feet,  while  the  upper  beds  are  only  20  feet  thick,  the  intervening  lime- 
stone measuring  50  feet.  In  Potter  and  in  McKean  counties  only  the 
upper  beds  are  present,  decreasing  from  70  feet  in  the  first  to  60  feet  in 
the  second,  and  finally  dying  away  westward  as  a  coaly  black  shale. 

Southward  from  the  type  region  of  non-marine  sedimentation  the 
marine  phase  thickens.    Thus  on  the  Potomac,  in  the  Maryland  Alle- 
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ghenieSy  the  formation  is  1^07  feet  thick  and  consists  at  the  base  of  221 
feet  of  Greenbrier  limestone  resting  directly  on  the  Pocono,  followed  by 
800  feet  of  shales,  mostly  red.  Southward,  in  Pendleton  county,  West 
Virginia,  the  Greenbrier  limestone  at  the  base  is  325  to  400  feet  thick, 
and  is  followed  by  gray  and  brown  sandstones  and  shales  and  red  shales 
(Canaan  shales),  with  a  thickness  of  1,260  feet.  These  shales,  however, 
are  in  all  probability  only  partly  non-marine. 

The  Mauch  Chunk  thus  seems  to  present  two  periods  of  non-marine 
fan-building  separated  by  a  period  of  partial  subsidence.  N"on-marine 
(fluviatile)  sedimentation  appears  to  have  been  continuous  in  eastern 
Pennsylvania  throughout.  In  both  periods  the  greatest  accumulation  of 
non-marine  sedimentation  was  in  the  east,  and  the  members  overlapped 
westward  and  northward.    A  diagrammatic  section  will  make  this  clear. 


FiouRB  16. — Relation  of  the  Upper  and  the  Lower  Mauch  Chunk  and  the  OreenJ)rier. 

The  upper  Mauch  Chunk  fan  represents  the  recovery  of  the  land  after 
the  Greenbrier  subsidence.  With  this  recovery  corresponds  the  presence 
of  coarser  sands  in  the  upper  Mauch  Chunk  in  the  eastern  region,  where 
non-marine  sedimentation  was  iminterrupted.  That  the  land  was  low 
and  streams  sluggish  is  indicated  by  the  fact  that  the  surfaces  of  the  beds 
are  marked  by  ripple-marks,  sim-cracks,  rain-drop  impressions,  and  foot- 
prints of  vertebrates — all  signs  of  floodplain  deposits. 

The  fossils  of  the  Greenbrier  in  southern  Pennsylvania  and  Maryland 
correspond  to  those  of  the  Maxville  of  Ohio.  The  Maxville  is  separated 
from  the  Logan  by  an  interval  of  erosion,  which  may  correspond  to  early 
Mauch  Chunk  sedimentation  ia  the  east ;  for  the  beginning  of  a  new  fan 
on  an  older  one  indicates  either  an  increased  supply  of  detritus  or  a  period 
of  elevation.  The  fineness  of  the  lower  Mauch  Chunk  is,  perhaps,  more  in 
harmony  with  the  theory  of  a  renewed  elevation  of  the  region,  which  in 
the  western  area  permitted  the  post-Logan  erosion.  A  part  of  the  upper 
non-marine  Pocono  probably  also  suffered  erosion  during  this  time.  It 
may  perhaps  be  further  surmised  that  the  change  indicated  was  not  due 
to  an  elevation  in  the  east,  but  rather  to  an  elevation  of  the  western  region, 
which  gave  the  surface  of  the  Pocono  fan  so  gentle  a  slope  that  the 
streams  no  longer  were  able  to  cairy  to  this  western  area  the  detritus 
derived  from  the  east ;  and  so  they  dropped  it  nearer  the  source,  building 
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up  a  new  fan,  but  this  time  of  fine  materials.  However  this  may  be,  the 
presence  of  the  Greenbrier  limestone  shows  a  widespread  subsidence,  and 
the  fossils  of  this  limestone  show  that  this  took  place  at  the  beginning  of 
Chester  time. 

It  seems  likely  that  the  post-Logan  elevation^  which  in  Michigan  was 
accompanied  by  the  formation  of  gypsum  beds  (lower  Qrand  Bapids), 
gave  an  impulse  to  the  southeastward  transgression  of  ihe  Mississippian 
'  aea,  and  that  during  this  period  the  Cumberland  ridge  above  outlined  was 
finally  submerged.  The  elevation  was  felt  in  the  Mississippian  valley, 
since  a  pronounced  line  of  erosion  exists  at  the  top  of  the  Warsaw,  which 
is  followed  by  only  the  highest  Saint  Louis  limestone,  resting  with  a  baaal 
breccia  on  it.  Southward  in  the  Mississippi  region  this  interval  becomes 
less;  and  southeastward,  in  the  southern  Appalachians,  it  disappears 
altogether,  the  Saint  Louis  and  succeeding  Chester  beds  being  of  great 
thickness.  Since  this  seems  to  be  the  case,  the  Oreenbrier-Maxville  re- 
advance  apparently  came  from  the  southeast,  where  continuous  deposition 
was  going  on.  The  readvance  reached  the  Iowa-Mississippi  region  and 
northern  Kentucky  in  Saint  Louis  time ;  but  central  Ohio,  Michigan,  and 
Pennsylvania  only  in  Chester  time.  This  explains  the  greater  thickness 
of  the  Greenbrier  in  Maryland  and  West  Virginia.  The  retreat  of  the  sea 
after  the  temporary  advance  into  Pennsylvania  was  followed  there  by  the 
formation  of  the  upper  non-marine  Mauch  Chunk  fan,  but  transgressive 
movements  seem  to  have  continued  over  the  southern  Appalachian  r^on. 

The  Pottsville. — The  Pottsville  of  the  Appalachians  represents  even  a 
better  case  of  non-marine  progressive  overlap  than  either  of  the  preceding 
examples.  The  series  has  been  worked  out  in  great  detail  by  the  Pennsyl- 
vania geologists,  and  the  relationships  of  the  beds  to  each  other  have  been 
fully  discussed  by  Stevenson,*  and,  with  special  reference  to  the  overlap 
shown  by  them,  by  David  Wliite.f 

One  of  the  pronounced  characteristics  of  the  Pottsville  is  the  well 
known  abundance  of  conglomerates  and  coarse  cross-bedded  sandstones. 
Coal  beds  and  layers  of  coal  plants  are  common,  but  marine  fossils  are 
rarely  found.  As  has  been  convincingly  demonstrated  by  Stevenson  and 
David  White,  the  lowest  beds  of  the  series — that  is,  the  Pocahontas  divis- 
ion— ^is  found  only  in  two  areas,  and  those  the  most  easterly  of  the  series. 
The  first  is  in  the  type  region  of  central  eastern  Pennsylvania,  and  the 
other  is  in  southwestern  West  Virginia  and  adjoining  Virginia.  The 
next  higher  series,  the  Raleigh-Bon  Air  (middle  Pottsville),  is  especially 
well  developed  in  the  southern  Appalachians,  where  it  extends  through 
Alabama,  eastern  Tennessee,  Kentucky,  and  West  Virginia.    In  eastern 


*  Stevenson  :  Loc.    clt. 

t  David  White :  Bull.  Oeol.  Soc.  Am.,  vol.  16.  1004«  pp.  267-282. 
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Pennsylvania  the  overlap  was  not  very  great  at  this  time.  The  next 
higher  diviaion,  the  Sharon  (Sewell),  extended  into  western  Ohio  and 
northwestern  Pennsylvania,  while  the  higher  beds,  the  post-Sharon,  ex- 
tended still  farther.  The  following  diagrams^  copied  from  David  Whitens 
papers,  show  these  relationships : 


gP^^ — L, 


Figures  16  I-III. — Relations  of  Pocahontas  (A),  Raleigh-Bon  Air  (B),  Seioell  (<7),  and 
poet-Sharon  (D),  interpreted  a»  overlapping  marine  eeriee  (according  to  White). 

White  assumes  that  this  transgression  was  that  of  a  water  body  trans* 
gressing  northwestward,  and  he  so  labels  it.  At  the  same  time  he  recognizes 
the  fact  that  most  of  the  formations  are  either  conglomerates  or  coarse 
sands,  and  that  these  various  elastics  rest  in  most  cases  directly  on  marine 
limestones  or  shales.  He  further  recognizes  erosion  in  this  region  preced- 
ing the  advent  of  the  Pottsville  sediments. 

The  material  of  the  Pottsville  beds  shows  that  they  were  derived  from 
disintegrating  crystalline  material.  Their  coarser  and  more  undecom- 
posed  character  in  the  Appalachian  region  indicates  this  to  have  been  the 
source  of  the  material.  The  utter  want  in  the  northwestern  region  of 
any  area  which  could  have  supplied  this  material  makes  this  conclusion 
unassailable;  for,  as  has  already  been  stated,  the  successive  beds  lie  on 
either  marine  limestones  or  shales  or  on  finer  non-marine  sediments. 
These  must  have  constituted  the  shore  at  sttccessive  periods  of  transgres- 
sion if  a  Pottsville  sea  transgressed  northwestward,  and  they  should  have 
constituted  the  source  of  the  material  of  the  Pottsville  beds.  Such  is  not 
the  case,  as  is  well  known ;  for  the  pebbles  of  the  conglomerate  are  quartz 
pebbles  and  the  sand  is  composed  chiefly  of  quartz  grains. 

We  are,  then,  compelled  to  consider  the  crystallines  of  the  Appa- 
lachians as  the  source  of  the  material  of  these  beds.  These  beds,  there- 
fore, overlap  away  from  the  source  of  supply,  and  hence  they  can  not,  by 
any  manner  of  reasoning,  be  referred  to  marine  or  even  lake  deposits. 
To  refer  them  to  either  is  to  ignore  fundamental  principles  of  deposition; 
yet  all  or  nearly  all  writers  have  thus  referred  them  in  the  past. 

A  significant  fact  in  connection  with  the  recognition  of  these  beds  as 
river  deposits  is  the  remarkable  rounding  of  all  the  pebbles  of  the  conglom- 
erates. This  rounding  explains  their  removal  so  far  from  their  place  of 
origin,  for  perfectly  round  pebbles  can  be  rolled  hundreds  of  miles  by 
streams.    It  also  shows  that  they  have  been  subject  to  an  enormous 
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amount  of  river  wear.  Of  conTse,  the  aocumtdation  of  these  pebbles  is 
the  lesnlt  of  continued  selection  by  the  rivers  of  the  most  rounded  peb- 
bles. Since  such  rounding  implies,  as  above  stated,  a  very  long  period 
ol  river  wear,  it  is  not  surprising  that  only  quartz  pebbles  survived  the 
ordeal.  Pebbles  of  more  destructible  material  were  ground  to  sand  or 
decomposed  during  the  process.  Thus  the  remarkable  purity  and  round- 
ness of  the  quartz  pebbles  of  these  conglomerates,  so  entirely  inexplicable 
on  the  hypothesis  of  a  transgressing  sea,  is  exactly  what  might  be  ex- 
pected in  the  case  of  extensively  transported  river  material. 

Since  the  latest  PottsvUle  beds  are  overlapped  by  the  Kanawha  in 
northern  Ohio,  it  is  more  than  probable  that  the  Pottsville  is  entirely 
absent  in  Michigan  and  other  western  areas,  except  where  represented  by 
equivalent  marine  strata.  Thus  the  Saginaw  formation  of  Michigan  and 
the  Mansfield  of  Indiana  and  Hie  Mississippi  valley  is  most  certainly  post- 
Si 


^Oco  n  o  —    ?77 CL  C4.  cA      O h  u n  A    ^r^as/art   /^/af'Ti 


FiouBB  17. — Diagram  UluttraUno  RehiUon9h4p9  of  Membert  of  PotUviOe  Forn%atUm. 
Diagram  is  based  on  the  theory  of  non-marine  progressive  overlap  (flnvlatlle). 

Pottsville,  limiting  that  formation  according  to  the  standard  of  the 
typical  Pottsville  area.  The  Saginaw  formation  of  Michigan  is  indeed 
now  recognized  as  probably  of  the  age  of  the  Mercer  group,  which  in  turn 
is  correlated  by  White  with  the  later  Kanawha.  This  and  the  later  coal- 
bearing  beds  of  eastern  United  States  also  show  evidence  of  non-marine 
progressive  overlap.  They  appear  to  be  the  renmants  of  one  or  more 
series  of  fans  built  out  from  the  Appalachian  highlands  by  streams  flow- 
ing northwestward,  the  later  members  of  each  fan  overlapping  the  earlier 
ones  of  the  same  series. 

Other  examples. — Non-marine  series,  overlapping  away  from  the  source 
of  supply,  and  therefore  of  fluviatile  origin,  are  to  be  found  in  other 
formations  of  North  America.  Among  them  may  be  mentioned  the 
Upper  Silurics  of  the  Appalachians,  the  Laramie,  and  the  non-marine 
Tertiaries  of  the  Great  Plains  region.  The  Potomac  and  Newark  forma- 
tions will  probably  also  show  this  type  of  structure  when  they  are  studied 
in  greater  detail.  Wherever  it  is  found,  the  fluviatile  origin  of  the  strata 
involved  is  established  by  it  beyond  contravention. 
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Physical  Development  op  central  Asia 

The  beginnings  of  central  Asia,  as  part  of  the  Great  continent,  lie  far 
back  in  the  Tertiary  period,  during  a  time  when  mother  Earth  was  in 
travail,  giving  birth  to  her  last-bom,  the  new  order  of  continental  and 
organic  forms.  In  the  throes  of  the  contracting  terrestrial  ci^st  there 
had  been  slowly  born  great  mountain  masses,  ranges  whose  ice-capped 
giants  now  mark  the  boundary  between  north  and  south,  extending  half 
way  round  the  earth,  through  the  Pyrenees,  Caucasus,  and  Himalayas 
to  China. 

The  Eurasian  continent  was  bom,  but  in  its  infancy  a  great  sea  ex- 
tended from  the  Atlantic  through  the  Mediterranean  to  southeastern 

*The  subject-matUr  of  this  addreps  is  the  outcome  of  a  careful  analysis  of  some  of  th«  results 
of  my  expedition  of  1904,  under  the  auspices  of  the  Carnegie  Institution  of  Washington. 

For  the  ability  to  use  the  pottery  of  the  different  cultures  as  characteristic  fossils,  I  am 
indebted  to  the  profound  knowledge  of  ceramics  of  Dr  Hubert  Schmidt,  the  archeologist  of 
the  expedition. 

In  the  physiography  my  son,  R.  W.  Pumpelly,  who  made  the  surveys  and  studied  minutely 
the  natural  records  in  the  shafts,  has  contributed  not  only  most  of  the  observed  data,  but 
also  some  of  the  fundamental  deductions. 

LVIII— Bull.  Gbgl.  8oc.  Am.,  Vol.  17,  1906  (637) 


638      R.  PUMPELLY — EVOLUTION   OF   OASES  AND   CIVILIZATIONS 

Asia.  Later,  during  the  middle  Tertiary,  this  connection  was  broken, 
leaving  a  great  interior  sea  called  the  Sarmatic,  which  once  extended 
from  Austria  to  beyond  the  Aral. 

In  the  progressive  development  of  land  and  climate,  during  Pliocene 
or  late  Tertiary  time,  this  sea  in  turn  broke  up  into  separate  land-locked 
basins  of  fresh  and  brackish  water,  the  deposits  and  fauns  of  which  are 
designated  as  belonging  to  the  Pontic  stage. 


Deserts  ^IlSJl^fe:^ 


Tracts  with  no  outlet 
seawArd 


FiouES  \.—Arid  Regioni  and  cloted  Banm  of  Atia. 
From  Eli86e  Rectus  "The  Earth  and  its  Inhabitants." 

In  these  changes  we  see  the  evolution  of  central  Asia  as  an  interior 
region.  Differentiated  from  the  periphery  of  the  continent  by  moun- 
tains tliat  intercepted  the  moisture  from  the  ocean  on  the  south,  and 
otherwise  climatically  at  a  disadvantage  on  account  of  its  geographical 
relation  to  the  laws  of  atmospheric  circulation,  this  vast  region  entered 
upon  an  independent  course  of  development. 


PHYSICAL  DEVELOPMENT  OF  CENTRAL  ASIA  639 

When  this  inner  continental  area  ceased  to  send  its  waters  to  the  ocean 
it  was  predestined  to  a  course  of  evolution  whose  progress  must  inevita- 
bly culminate  in  the  desert-waste  conditions  ruling  there  today. 

Each  of  the  geological  periods  mentioned  had  its  characteristic  land 
and  water  organic  life,  among  which  were  prophetic  ancestral  forms  in 
the  genealogy  of  the  mammals  of  today. 

The  cause  of  this  differentiating  evolution  is  as  simple  as  it  is  fate- 
fuUy  majestic  in  its  progress.  The  moisture,  carried  by  the  high  cur- 
rents of  air  in  their  course  from  the  equator  to  the  pole,  is  largely 
condensed  in  rising  over  the  great  altitudes  of  lofty  mountain  ranges. 
To  the  north  of  the  highlands  the  plains  receive  but  a  slight  annual 
precipitation,  and  this  is  so  distributed  in  the  seasons  as  to  produce  the 
minimum  of  vegetation  in  respect  to  the  amount  of  precipitation  received 
during  the  year. 

Under  these  conditions  a  forest  growth  is  impossible  and  the  surface 
must  be  more  or  less  grass-covered  or  bare,  according  to  the  amount  of 
effective  precipitation,  which  in  turn  may  perhaps  have  varied  during 
different  periods  with  a  possible  varying  in  height  of  the  intercepting 
mountains. 

Under  such  conditions  the  region  would  vary  in  character  between 
semi-arid  and  arid. 

Whether  semi-arid  or  arid,  the  hot  air,  rising  from  plains  barren  of 
vegetation  and  heated  by  the  sun  of  spring  and  summer,  prevents  local 
rainfall,  and  the  residuum  of  moisture  that  escaped  condensation  on  the 
mountains  is  carried  on  to  the  colder  regions  of  the  north.  It  is  only 
during  the  winter  that  this  residuimi  is  precipitated  on  the  plains  as 
snow,  and  even  this  melts  away  by  March,  awakening  to  life  a  varied 
desert  flora,  which  in  turn  vanishes  under  the  burning  April  sun. 

Thus,  excepting  the  relatively  ineffective  winter  snows,  the  whole  of 
this  vast  inner  continental  region  receives  waters  only  from  the  precipi- 
tation over  the  high  mountains  that  separate  it  from  the  peripheral  zone, 
and  from  such  mountains  as  rise  su£Sciently  high  within  its  own  area. 

Central  Asia  from  the  western  border  of  Manchuria  to  the  western 
end  of  the  Black  sea  is  a  series  of  great  and  small  land-locked  basins. 
From  these  no  water  flows  to  the  ocean,  excepting  that  which  the  Black 
sea  loses  through  the  canyon  of  the  Bosphorus,  which  was  not  opened  to 
the  Mediterranean  until  the  present  geological  epoch. 

This  great  land-locked  area  is  divided  into  two  basin  systems:  one  is 
the  higher-lying  Gobi  on  the  east,  inclosed  on  the  west  between  the  moun- 
tain masses  of  the  Ewenlun  and  Tienshan. 
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The  western  system  of  land-locked  basins  covers  a  great  part  of  west- 
em  Asia.  Extending  west  from  the  Tiensban  ranges^  it  is  limited  on 
the  south  by  the  Persian  plateau  and  the  Caucasus  and  on  the  north  by 
the  low  Siberian  elevation  that  forms  the  water  divide  toward  the  Arctic 
ocean.  On  the  west,  from  a  hydrographic,  but  to  a  lesser  extent  from  a 
climatic  point  of  view,  this  system  includes  the  Black  sea,  with  the  areas 
drained  by  the  Volga,  Don  and  Dneiper  (a  large  part  of  Bussia),  and  by 
the  lower  Danube. 

The  Persian  plateau  itself  forms  an  independent  high-ljdng  system  of 
arid  land-locked  basins. 

Of  this  great  western  system  a  part  near  the  Caspian  sea  lies  below 
the  level  of  the  ocean.  A  large  part  of  the  whole  system  is  so  situated 
in  reference  to  the  barriers  that  separate  it  from  the  oceans  that^  given 
a  su£Scient  quantity  of  water  and  the  closing  of  the  Bosphorus  channel, 
there  would  be  a  land-locked  sea  several  hundred  feet  deep  and  larger 
than  the  Mediterranean.  It  is  potentially  a  sea,  of  which  the  Black  sea, 
Caspian,  and  Aral  remain  as  three  larger  residuary  bodies  of  water. 
This  is  due  to  climatic  conditions,  under  which  the  precipitation  over 
the  region,  together  with  the  water  brought  by  the  streams  from  without, 
is  offset  by  the  intense  evaporation  over  the  heated  arid  surface. 

With  a  suflSciently  long-continued  inflow  of  water  in  excess  of  evap- 
oration and  a  restoration  of  the  barrier  at  the  Bosphorus,  the  Black  sea 
and  the  Caspian  would  coalesce  and,  after  extending  to  include  the  Aral, 
would  rise  till  an  overflow  should  be  reached,  either  into  the  Mediter- 
ranean or  into  the  Arctic  ocean,  and  our  potential  sea  would  become  a 
reality. 

If,  on  the  other  hand,  there  should  exist  a  suflSciently  long-continued 
condition,  in  which  evaporation  should  be  in  excess  of  inflow  of  water, 
then  a  time  would  come  when,  instead  of  a  sea,  there  would  be  only  a 
region  of  barren  deserts. 

Our  basin  is,  therefore,  potentially  both  a  sea  and  a  desert.  At  present 
the  two  controlling  factors — ^water  and  evaporation — ^are  about  in  a  state 
of  equilibrium. 

The  existing  residuary  seas  are  therefore,  in  the  rising  and  lowering 
of  their  surfaces,  gauges  recording  the  cyclical  climatic  changes  as  they 
occur  over  the  great  catch-basins  that  supply  them  with  water. 

Of  these  catch-basins  the  northern  and  western  ones  are  the  great 
hydrographic  systems  of  European  Bussia  and  the  smaller  river  systems, 
chiefly  of  the  Caucasus.  The  rest  lie  almost  wholly  in  the  lofty  moun- 
tain chains  that  stretch  with  increasing  height  and  area  as  they  go  east- 
ward to  high  Asia.    The  vast  masses  of  snow  and  ice  constantly  accumu- 
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lating  on  these  heights  feed  perennially  the  few  larger  and  countless 
smaller  streams  that  flow  toward  the  central  basin  region.  Without 
these,  Turkestan  would  be  an  absolutely  desert  and  practically  lifeless 
region. 

I  imagine  that  the  general  trend  of  climatic  conditions  over  the  cen- 
tral continental  area  was  from  the  beginning  toward  aridity.  The 
mountains  that  separated  it  from  the  ocean  were  of  slow  growth,  and 
mountains  of  moderate  altitude  are  compatible  with  a  moderate  amount 
of  precipitation  over  the  interior  region  beyond  them.  The  grassy 
plains  of  Mongolia  and  of  our  central  western  states  are  illustrations  of 
this. 

The  early  condition  of  Turkestan  and  northern  Persia  during  much 
of  Pliocene  time  may  well  have  been  one  in  which  at  first  forests  existed^ 
at  least  on  the  piedmont  hills  and  plains,  while  the  rest  of  the  region, 
that  was  not  still  occupied  by  the  residuary  seas,  consisted  of  broad, 
grassy  steppes  extending  to  Europe  and  of  interior  areas  of  deserts. 

Parallel  with  the  growing  elevation  of  the  moisture-intercepting 
mountains  progressed  the  regional  desiccation.  The  progressive  effect 
of  this  would  be  continued  shrinkage  of  the  water  areas,  conversion  of 
much  of  the  central  plains  into  deserts,  narrowing  of  the  grass-covered 
zones  toward  the  mountains,  and  change  in  the  character  and  extent  of 
the  forested  areas. 

After  the  Miocene  sea  had  been  shut  off  from  the  ocean,  it  dried  up, 
as  is  shown  in  the  Sarmatic  strata  by  the  widespread  deposits  of  gypsum 
and  salts  resulting  from  the  evaporation  or  the  saline  waters.  That  the 
basin  was  reoccupied  more  than  once  by  a  more  or  less  extensive  land- 
locked sea  is  shown  in  successive  formations  characterized  by  changes  in 
organic  forms  and  by  old  beach  and  water  lines. 

There  is  little  doubt  that  these  expansions  of  the  water  area  record 
the  climatic  changes  that  mark  the  advent  and  phases  of  the  glacial 
period.  An  effect  of  these  changes,  which  were  of  mimdane  extent,  was 
doubtless  an  increase  of  precipitation  over  a  larger  part  of  the  central 
r^on. 

In  the  Glacial  period  a  large  part  of  Sussia  west  of  the  Ural  moun- 
tains was  covered  to  a  depth  of  several  thousand  feet  by  ice,  a  large  part 
of  which  in  melting  went  toward  filling  the  central  basin.  Our  explora- 
tion in  1903,  as  shown  in  the  reports  of  Professor  Davis  and  Messrs 
Huntington  and  R.  W.  Pumpelly,  have  proved  the  existence  of  several 
successive  glacial  epochs  in  the  mountains  of  high  Asia  during  the 
glacial  period,  and  that  glaciers  existed  on  a  greatly  extended  scale 
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thronghotit  the  mountainB  bordering  fhe  great  basin  on  the  south  and 
east. 

Each  of  these  epochs  of  glacial  expansion  must  have  had  its  echo  in  a 
corresponding  expansion  of  the  water  area  and  in  a  reaction  on  the 
climate  of  the  basin  region  itself,  in  the  direction  of  local  precipitation 
and  amelioration  of  the  desert  conditions. 

During  the  glacial  and  inteiglacial  phases  of  the  Glacial  period  there 
must  have  existed  a  continuity  of  broad  and  perhaps  alternately  tundra 
and  grass-covered  steppes  along  the  whole  length  of  central  Asia  into 
Europe. 

The  great  ^'Central"  basin  system  resembles  the  ocean  in  that  it  is  the 
sink  into  which  all  the  solid  and  dissolved  products  of  the  destruction 
of  the  surrounding  country  are  brought.  In  the  ocean  all  such  detritus 
is  classified  by  gravity,  wave  action,  and  currents,  which  distribute  the 
graded  material  over  wide  areas.  On  the  dry  surface  of  tiie  desert 
plains  this  classification  and  distribution  is  begun  by  the  rivers  and 
finished  by  the  winds. 

While  in  the  ocean  the  sand  is  deposited  to  become  stratified  beds  of 
sandstone,  and  the  clays  to  form  ultimately  beds  of  slate,  in  the  arid 
basin  the  sand  acctmiulates  in  moving  hills  and  the  finest  silts  are  borne 
off  by  the  winds  to  form  the  remarkable  and  economically  important 
deposits  of  loess. 

We  have  seen  that  the  lofty  mountains  intercept  most  of  the  moisture 
brought  by  air  currents  from  the  ocean,  and  that  the  fiery  column  of  air 
rising  from  the  heated  barren  plains  prevents  precipitation  except  in 
winter;  but  there  is  a  zone  between  the  deserts  and  the  mountains  on 
which  sufficient  moisture  falls  in  spring  to  nourish  the  grasses  of  a  semi- 
arid  region.  In  Mongolia,  where  the  intercepting  mountains  are  low, 
the  zone  is  broad.  In  Turkestan  it  is  narrow  or  in  places  now  almost 
wanting.    During  the  cold  Glacial  period  it  was  wide. 

I  will  ask  you  now  to  consider  this  central  region  as  an  organic  whole. 

Imagine  yourselves,  if  you  please,  looking  down  over  this  great  ex- 
panse and,  foreshortening  space  and  the  vista  back  through  untold  cen- 
turies, able  to  view  the  successive  phases  of  its  life  during  a  short  period 
of  geological  time. 

First,  you  are  in  the  Glacial  period.  On  the  south  you  see  the  giant 
mountains,  from  the  Caucasus  to  China,  covered  with  snow  and,  on  the 
higher  masses,  great  domes  of  ice  and  far-reaching  glaciers. 

Far  away  in  the  northwest  you  see  the  cap  of  continental  ice  spread 
thousands  of  feet  thick  over  nearly  all  of  European  Russia.  Between 
these  limits  your  sight  wanders  over  the  blue  waters  of  a  sea  greater 
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than  the  Mediterranean  and  fed  by  the  larger  rivers  that  flow  from  the 
snow  and  ice  capped  regions. 

You  see  the  rivers  building  great  deltas  where  they  enter  the  sea> 
while  above  these  they  spread  their  silts  far  and  wide  over  the  aggrading 
plains. 

Bemember  that  while  you  look,  in  y(mr  time-perspective  millenniums 
are  as  seconds.  Even  now  the  Olacial  period  has  passed  and  the  reac- 
tion has  begun>  and  you  see  the  beginning  of  a  general  trend  toward 
desolation*  The  ice-cap  is  gone  from  Bussia  and  the  great  glaciers  on 
the  southern  mountains  are  diminishing  in  extent.  Evapolration  is  now 
more  rapid  than  inflow  of  water>  and  the  sea  is  shrinking  and  breaking 
up  into  smaller  basins.  With  each  lapse  of  thousands  of  years  you  see 
the  larger  rivers  grow  smaller,  while  many  of  those  coming  from  the 
southern  mountains  fail  to  reach  the  receding  sea.  Those  great  gyrating 
columns  that  are  coursing  the  surface  of  the  earth  show  that  the  dried 
silts  have  become  the  prey  of  the  winds. 

And  now,  if  you  will  look  closer,  you  will  see  at  their  work  all  the 
controlling  agencies  that  are  the  life  of  the  great  geographic  organism 
that  we  call  an  arid  inner-continental  region.  You  observe  that  the 
floodplains  and  deltas  and  the  drying  beds  of  seas  are  covered  with 
dried  silts  of  clay,  sands,  and  gravels. 

The  winds  are  working  these  over  and  classifying  them  according  to 
size  of  grain.  The  finest  material  is  easily  lifted  and  carried  afar,  and 
it  is  this  that  forms  those  massive  yellow  clouds  that  are  darkening  those 
plains  in. their  progress,  and  those  gyrating  columns — ^vortices  in  the 
heart  of  the  sweeping  whirlwind. 

Of  the  coarser  silts  the  winds  move  only  the  sands,  and  these  only 
slowly,  along  the  surface  of  the  plain  where  you  see  them,  forming  great 
seas  of  sand  waves  or  dunes,  in  places  more  than  100  feet  high.  These 
waves  progress  as  each  high  wind,  lifting  sand  from  the  windward  side, 
deposits  it  on  the  lee  side.  As  the  winds  vary  in  direction  during  the 
seasons,  so  does  the  progress  of  the  dust  and  of  dune  waves.  But  it  is 
an  important  fact  for  us  that  both  dust  and  dunes  make  an  absolute 
progress  during  the  year  in  the  direction  of  the  predominant  winds. 

Watch  those  columns  and  clouds  of  dust ;  as  the  wind  falls,  they  disap- 
pear, settling  on  the  surface  to  wait  to  be  borne  on  the  wings  of  the  next 
wind-storm. 

Look  now  toward  the  grass-covered  plains  bordering  the  deserts;  no 
clouds  rise  from  these;  on  the  contrary,  the  volumes  of  dust  that  fall 
here,  fall  to  remain  imder  the  protecting  vegetation;  the  grass  is  nour- 
ished perennially  by  the  dust,  and  under  this  reciprocal  process  the  sur- 
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face  rides  slowly  daring  the  centuries  to  forin  great  thicknesses  of  the 
soil  we  call  loess. 

Look  back  again  over  the  region ;  while  the  sand  from  which  was  sepa- 
rated the  dust  you  have  just  seen  deposited  to  form  loess  lags  still  scores 
of  miles  behind  in  its  advance,  you  see  the  grassy  plains  bordered  by  a 
sea  of  high  and  older  sand  dunes.  They^  too,  have  been  arrested  in  their 
overwhelming  progress  by  the  slight  growth  of  grasses  and  plants  that 
are  compatible  with  a  soil  of  sand,  under  the  slight  precipitation  near 
the  border  zone.  Both  the  loess  and  the  dunes  grow  continually  in 
height 

You  have  seen  a  cycle  of  geological  activity  quite  diflferent  from  that 
which  takes  place  on  the  periphery  of  a  continent  where  the  silts  are 
distributed  by  ocean  currents  over  great  submarine  areas. 

Here,  on  the  contrary,  the  waste  from  the  degrading  mountains,  which 
was  spread  by  rivers  over  the  plains,  is  returned  by  the  winds  to  pile  up 
on  the  piedmont  zone,  and  this  is  obviously  true  not  only  of  the  solids, 
but  of  the  soluble  alkaline  and  earthy  salts  as  well. 

All  this  conforms  strictly  to  Richthofen's  theory,  that  loess  is  a  product 
of  deflation  of  desert  surfaces,  wind-borne  till  it  found  protection  on  the 
grass-covered  zone.  Here,  however,  we  see  that  water  intervened  as  an 
earlier  transporting  agent,  and  that  evaporation,  on  the  plains,  restored 
to  the  fine  silts  the  salts  that  had  been  leached  out.  That  loess  may 
form  without  the  intervention  of  water  we  have  seen  in  the  extensive 
deflation  of  rocks  on  the  high  deserts  of  the  Pamirs. 

Let  us  return  to  your  panorama ;  it  is  still  that  of  many-  thousand 
years  ago,  and  the  grassy  steppes  across  all  central  Asia  teem  with  herds 
of  wild  ruminants  and  horses  and  other  animals  that  during  early 
glacial  and  interglacial  time  were  common  to  the  Eurasian  continent. 

I  will  ask  you  to  look,  at  the  same  time,  toward  the  edge  of  the  plains. 
At  short  intervals  you  will  see  streams  emerging  from  the  mountains 
through  canyons  onto  the  plain,  where  they  spread  out  evenly  over  large 
fan-shaped  deltas  that  slope  radially  outward  from  the  apex  at  the 
canyon  mouth.  These  are  the  delta  oases,  of  which  I  shall  have  more 
to  say. 

Casting  your  eye  along  the  southern  border  of  the  plains,  from  the 
Caspian  sea  eastward  you  see  grassy  loess-plains  fringing  the  southern 
mountains  and  filling  out  the  great  erabayments  between  the  spurs  of 
the  Tienshan  ranges  in  the  east.  But  everywhere  both  these  plains  and 
the  deltas  are  hemmed  in  by  the  sea  of  dunes. 

During  your  foreshortened  time  scale  your  present  glance  sees  the 
effects  of  later  climatic  oscillations.     It  is  perhaps  a  period  of  diminish- 
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ing  regional  precipitation ;  the  zone  of  vegetation  narrows,  the  scant  pro- 
tecting plant  life  disappears  from  the  dunes,  and  they  advance  over  the 
edge  of  the  loess  belt  and  encroach  also  on  the  shrinking  delta-plains. 
With  a  period  of  renewal  of  precipitation  vegetation  resumes  its  former 
area  and  the  loess  deposits  expand  over  the  dunes. 

The  processes  which  we  have  reviewed  have  been  operating  with  fluc- 
tuating intensity  since  Tertiary  time. 

The  maximum  of  intensity  existed  probably  as  a  consequence  of  the 
Glacial  period. 

Olacial  epochs  were  accompanied  by  swollen  rivers  with  broad  flood- 
plains,  expansions  of  the  seas  with  extensive  marshes,  and  by  great  extent 
of  loess  steppes. 

During  interglacial  epochs  the  conditions  were  reversed;  and  after 
the  last  Qlacial  epoch  there  began  the  general  trend  toward  the  present 
condition  of  aridity — ^a  trend  that  was  interrupted  by  oscillations,  in 
some  of  which  the  aridity  may  have  exceeded  that  of  today;  a  process 
in  which  the  seas,  while  responding  to  the  oscillations,  have  in  the  main 
shrunken  gradually  to  the  volumes  compatible  with  the  present  equili- 
brium between  precipitation  and  evaporation. 

Parallel  with  this  progress  toward  aridity,  under  the  diminished  pre- 
cipitation and  lessening  to  disappearance  of  the  ameliorating  climatic 
reaction  of  the  once  expanded  water  areas,  was  the  shrinkage  of  the  loess 
zones.  The  grassy  steppes,  which  had  once  teemed  with  life  and  per- 
mitted the  distribution  of  ruminants  and  the  horse  across  all  Asia  to 
Europe,  gradually  became  broken  up  into  disconnected  areas  by  the  in- 
creased intensity  of  desert  conditions. 

The  expanding  deserts  cut  off  the  connection  between  the  faunse  of 
southern  Turkestan  and  Persia  on  the  one  hand  and  those  of  Europe  on 
the  other,  and  allowed  the  evolutions  of  regional  varieties;  and  there 
must  have  been  a  similar  reaction  upon  the  distribution  of  man. 

After  this,  a  continued  progress  toward  extreme  aridity  advanced  the 
desert  sea  of  sands  till  its  dune  waves,  rolling  ever  nearer  to  the  moun- 
tain, completely  submerged  long  stretches  of  the  narrowed  loess  zone 
between  the  now  restricted  deltas  at  the  mouths  of  mountain  streams. 

The  teeming  herds  of  ruminants  and  horses  disappeared  over  vast  areas, 
and  life  was  restricted  to  the  mountains  and  to  the  borders  of  the  few 
remaining  streams  and  the  deltas. 

When  this  stage  had  been  reached,  in  early  prehistoric  time  and  long 
before  the  introduction  of  irrigation,  the  condition  of  southern  Turk- 
estan and  northern  Persia  may  be  summed  up  as  one  of  deserts  relieved 
only  by  oases  on  the  deltas  at  the  mouths  of  streams  emerging  from  the 
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mountaiiiB,  or  where  larger  rivers  died  out  on  the  plains  or  entered  the 
shrunken  eeas. 

The  Kubgans  Excavated  in  1904 

The  delta  oases  have  been  the  home  of  man  from  early  prehistoric 
time  till  now,  throughout  Turkestan  and  northern  Persia.  It  was  on  one 
of  these^  at  Anau  near  Askabad,  300  miles  east  of  the  Caspian,  that  I 
made  in  1904  the  excavations  and  physiographic  studies,  some  results  of 
which  are  the  subject  of  this  address.  In  the  center  of  the  delta  oasis 
stand  two  hills,  a  half  a  mile  apart,  and  the  ruined  city  of  Anau  one 
mile  from  both. 

These  hills,  or  kurgans,  consist  of  layers,  the  remains  of  human  occu- 
pation— culture  strata,  we  call  them — ^that  have  accumulated  during 
thousands  of  years  of  habitation. 

They  are  the  time-wasted,  wind-and-water-carved  remnants  of  long- 
forgotten  cities.  Together  with  the  neighboring  ruined  citadel,  they 
represent  an  almost  continuous  series  of  successive  cultures  whose  local 
b^nnings  seem  to  antedate  the  dynastic  remains  of  Egypt. 

My  shafts  showed  that  these  culture  strata  extend  to  a  depth  of  20, 
and  in  some  cases  to  28,  feet  below  the  level  of  the  plain  which  has 
grown  up  around  them. 

Our  excavations  showed  that  the  northern  kurgan,  which  is  60  feet 
high  from  its  base  below  the  plain,  is  the  older,  and  that  the  southern 
kurgan  was  not  started  till  after  the  abandonment  of  the  northern  one ; 
it  has  now  a  height  of  72  feet  above  its  base ;  and  after  this  was  aban- 
doned the  city  of  Anau  started,  and  lasted  till  the  middle  of  the  last 
century,  having  grown  to  a  height  of  38  feet,  of  which  15  feet  are  below 
the  level  of  the  plain. 

To  try  to  find  out  why  two  kurgans,  starting  thousands  of  years  apart, 
should  have  been  buried  to  the  sama  depth,  I  sank  a  series  of  over  20 
shafts,  both  through  the  heart  of  the  hills  and  on  the  plain. 

I  have  time  to  give  only  such  brief  statements  of  the  interesting  re- 
sults obtained  from  these  shafts  as  bear  directly  on  the  subject  in  hand. 

Culture  Succession 

To  aid  in  this  brief  description  of  these  ancient  sites  from  an  aiche- 
ological  standpoint,  I  have  represented  the  leading  results  on  the 
diagram  shown  in  figure  2.  There  are  present  six  successive  cultures 
of  distinct  populations,  giving  a  section  from  the  present  time  down 
through  the  historic,  the  iron  and  copper  stages,  into  the  Stone  age. 
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These  are  represented  in  170  feet  of  cultnre  strata  still  remaining  out 
of  an  original  aggregate  thicknoBs  that  has  been  much  diminished  by 
wind  and  rain. 
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Fioumi  2,— Diagram  of  the  SueeeiHve  Cfulturu  at  Anan 
I  and  II,  north  Kargan ;  III  and  IV,  soath  Kurgan ;  V,  city  of  Anan. 

In  the  diagram  the  three  sites  are  represented  one  above  the  other, 
and  intervals  are  left  between  them  to  represent  the  height  each  kurgan 
is  estimated,  as  I  will  show,  to  have  lost  in  the  long  lapse  of  time. 

Already  the  oldest  of  these  cultures  appears  here  with  a  well  developed 
pottery  made  by  hand  and  a  stock  of  geometrical  designs  which  they 
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painted  on  certain  classes  of  vessels.  They  had  the  art  of  spinning; 
and  they  baked,  in  bottomless  bake-oven  pots,  bread  made  from  material 
ground  on  mealing  stones.  They  made  knives  flaked  from  flint,  but 
they  had  no  axes,  spear  heads,  nor  arrow  points  of  stone,  nor  yet  arti- 
ficially formed  sling-stones.  They  were  hunters,  and  such  weapons  as 
they  used  must  doubtless  have  been  spears  or  arrows  with  points  hardened 
in  fire  or  tipped  with  bone. 

In  view  of  the  importance  that  attaches  to  the  question  of  the  origin 
of  our  domesticated  animals,  I  collected  systematically,  foot  by  foot  from 
the  bottom,  all  the  bones  of  animals  found  in  the  older  two  cultures — 
that  is,  in  the  whole  height  of  the  north  kurgan — and  submitted  nearly 
half  a  ton  of  these  to  Doctor  Duerst,  comparative  anatomist  and  arche- 
ological  osteologist  at  Ziirich.  He  finds  that  during  the  growth  of  the 
lowest  8  or  10  feet  of  the  kurgan  the  inhabitants  knew  only  wild  animals, 
and  that  out  of  these  they  domesticated  the  ox  and  the  sheep,  of  which 
latter  animal  they  in  the  course  of  many  centuries  established  suc- 
cessively three  breeds.  He  was  able  to  trace  the  progressive  changes  in 
texture  of  bone  substance  and  in  the  character  of  horns  during  the  many 
centuries  of  progressive  domestication.  They  appear  to  have  domes- 
ticated the  horse,  too,  but  they  imported  an  already  domesticated  pig 
and  goat  from  Persia. 

I  will  add  that  of  these  Doctor  Duerst  identifies  assuredly  one  of  the 
breeds  of  sheep  and  the  pig  with  the  domestic  ''turbary  pig**  and  "tur- 
bary sheep"  of  prehistoric  Europe,  where  the  earliest  remains  of  these 
animals  found  in  the  pile  dwellings  and  other  sites  show  that  they  arrived 
there  already  domesticated. 

This  is,  therefore,  the  first  discovery  of  the  origin  of  domestication, 
and  of  the  region  from  which  the  world  derived  the  greater  number  of 
its  useful  animals. 

This  people  was  suddenly  supplanted  by  a  new  one,  with  an  entirely 
different  pottery,  still  hand-made,  but  more  developed,  and  with  a  dif- 
ferent stock  of  painted  ornamental  geometric  designs. 

They  had  also  the  art  of  spinning,  and  all  the  indications  are  that 
they  made  their  bread  in  the  same  way  as  their  predecessors,  and  used 
fiint  knives.  With  them  there  appears  the  camel,  probably  the  Bactrian 
two-humped  variety,  and  a  limited  use  of  pure  copper.  While  they  made 
knives  of  fiint,  they,  too,  had  neither  axes  nor  spear  or  arrow  points  of 
stone  or  metal. 

No  succeeding  civilization  occupied  this  kurgan.  The  next  arrivals 
started  the  neighboring  settlement,  which  became  the  south  knigan. 
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and  which,  under  their  peculiar  civilization,  lasted  enough  tens  of  cen- 
turies for  their  remains  to  accumulate  to  a  height  of  60  feet. 

They  brought  with  them  the  potter's  wheel  and  their  own  technique 
in  pottery;  and  they  had  a  full  knowledge  of  the  use  of  copper,  and  a 
knowledge  of  lead,  which  for  some  purposes  they  alloyed  with  copper. 
But  they  did  not  know  bronze.  Out  of  23  objects  analyzed  by  Professor 
Gooch,  a  ring  and  a  small  implement  contained  under  6  per  cent  of  tin ; 
a  dagger,  1.68  per  cent;  another  small  object,  1.65  per  cent.  Excepting 
these  four,  all  the  others,  including  two  daggers,  two  spears,  an  arrow 
point,  a  sickle,  and  a  razor-shaped  implement,  were  without  a  trace  of 
tin. 

All  of  the  three  cultures  ^hat  I  have  mentioned  had  in  common  a 
remarkable  burial  custom :  they  buried  children,  and  only  children,  under 
the  floors  of  the  houses,  in  a  contracted  position. 

This  people  was  finally  succeeded  by  one  in  a  low  stage  of  culture,  to 
judge  from  their  coarse  hand-made  pottery;  and  they,  in  turn,  were 
supplanted  by  a  people  who  brought  in  the  use  of  iron  and  a  different 
pottery. 

Neither  these  nor  the  barbarians  who  immediately  preceded  them 
buried  their  children  in  the  houses.  The  old  order  of  related  peoples 
and  cultures  was  gone,  and  one  showing  wide  connections  was  estab- 
lished. 

After  this  iron  culture  had  left  the  south  kurgan,  the  city  of  Anau 
was  founded,  and  a  modem  system  of  artificial  irrigation  was  introduced 
soon  after  the  beginning  of  our  era. 

Relation  of  the  Cultures  to  Their  Environment 

It  is  to  the  relation  existing  between  these  cultures  and  their  environ- 
ment that  I  beg  now  to  call  your  attention. 

You  have  seen  how,  with  the  slow  trend  of  climatic  change  toward 
aridity,  life-sustaining  areas  became  gradually  restricted  to  the  desert- 
bound  delta  oases  at  the  mouths  of  streams  issuing  from  the  mountains. 
I  will  now  describe  the  maimer  of  growth  of  these  deltas  and  the  rela- 
tion of  this  growth  to  that  of  the  culture  strata,  as  we  call  the  accumu- 
lated layers  of  the  debris  left  by  successive  generations  and  by  super- 
imposed civilizations. 

The  first  information  obtained  in  this  direction  was  from  the  shafts 
sunk  at  and  near  the  south  kurgan  and  shown  on  figure  2.  We  were 
fortunate  in  finding  in  these  the  data  for  calculating  the  relative  rates 
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of  growth  of  the  sediinents  in  aggrading  the  delta  on  the  one  hand  and 
of  the  culture  strata  on  the  other. 

By  referring  to  the  annexed  profiles  through  the  south  kurgan  you 
will  see  that  a  low  plateau  extends  out  from  the  main  and  high  part  of 
the  kurgan.  Now,  while  shaft  C,  sunk  to  the  bottom  through  the  heart 
of  the  high  part,  passes  uninterruptedly  Through  culture  strata,  shaft  D, 
in  the  projecting  plateau,  after  sinking  through  culture  strata,  enters 
natural  sediments,  below  which  it  passes  again  through  culture  strata  till 
it  finds  the  base  of  culture  at  the  same  level  as  under  the  main  body  of 
the  kurgan  in  shaft  C. 

As  we  recognize  geological  horizons  by  their  characteristic  fossils,  so 
here  we  recognize  the  cultures  to  which  these  strata  belong  by  the  very 
characteristic  pottery  in  which  they  abound.  We  find  interbedded  in  the 
natural  sediments  in  shafts  E  and  P  a  layer  of  wash  containing  frag- 
ments from  the  same  lower  culture  that  was  cut  in  shaft  D.  After  the 
deposition  of  this  pottery  the  natural  sediments  grew  19  feet  in  height, 
submerging  the  settlement  and  rising  to  the  level  at  which  it  is  covered 
by  culture  strata  in  shaft  D,  which  is  16  feet  below  the  beginning  of  the 
pure  iron  culture. 

Now,  the  evidence  in  shaft  C  is  that  the  main  body  of  the  kurgan  grew 
uninterruptedly  from  its  base  62  feet,  to  reach  there  the  level,  16  feet 
below  pure  iron  culture.  If  we  assume  that  these  19  feet  of  sediments 
began  to  grow  contemporaneously  with  the  founding  of  the  kurgan,  the 
relative  rates  of  growth  would  be  62/19  =  1 :  2.733. 

It  is  possible,  however,  that  the  whole  thickness  of  the  7  feet  of  sub- 
merged culture  strata  contributed  to  the  layer  of  "wash'^  with  pottery  in 
shafts  E  and  P;  therefore,  if  we  subtract  these  lowest  7  feet  of  culture 
strata  shown  in  shaft  D  from  the  62  feet  in  the  main  body  of  the  kurgan, 
we  have  the  rates :  45/19  =  2.368 ;  say,  2.37.  But,  everything  consid- 
ered, it  would  seem  proper  to  take  1 : 2.6 ;  that  is,  1  natural  sediments 
to  2.5  culture  strata  as  the  relative  rates  of  growth. 

This  ratio  being  obtained  from  the  parallel  accimiulations  of  a  con- 
siderable period  of  time  has,  as  we  shall  see  later,  for  our  purpose  both 
an  archeological  and  geological  value. 

After  the  sediments  had  reached  the  height  shown  in  shaft  D,  there 
came  a  change,  and  this  part  of  the  plain  was  dissected;  for,  a  little 
farther  eastward  in  shaft  B,  we  find  a  new  series  of  sediments  marking 
a  renewed  aggrading. 

Now,  when  this  new  growth  had  reached  the  level  indicated  by  a,  dot 
below  the  letter  P,  in  shaft  B,  it  received  fragments  of  the  pottery  pecu- 
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liarly  characteristic  of  the  uppermoet  or  iron  culture  of  the  km^gan; 
and  from  this  level  it  continued  to  grow  upward  a  further  7  feet,  after 
which  irrigation  was  introduced.  Now  we  have  archeological  and  strati- 
graphical  evidence  that  the  introduction  of  artificial  irrigation  was  about 
contemporaneous  with  the  founding  of  the  city  of  Anau  and  the  aban- 
donment of  the  south  kuigan. 

Our  ratio,  1  to  2,5,  is  equivalent  to  a  growth  of  17.5  feet  of  culture 
strata  between  the  time  of  deposition  of  the  iron-culture  pottery  in  shaft 
B  and  the  apparently  contemporaneous  ending  of  the  life  of  this  culture 
and  the  beginning  of  irrigation^  while  there  are  only  4  feet  of  iron 
culture  now  standing  on  the  top  of  the  kurgan.  The  great  deforma- 
tion that  this  hill  has  suffered  is  evidence  that  it  has  lost  a  considerable 
amount  of  its  original  height,  and  it  is  likely  that  the  difference  between 
the  17.5  feet  of  iron  culture  required  by  our  ratio  and  the  4  feet  now 
standing  is  a  proximate  measure  of  that  wastage.  I  have  therefore,  in 
the  column  of  cultures,  added  this  13^  feet  to  the  present  thickness  of 
culture  strata  of  the  south  kurgan;  and  since  the  time  of  abandonment 
of  the  north  kurgan  is  separated  from  us  by  nearly  three  times  as  many 
centuries  as  that  of  the  south  kurgan,  I  have  added  to  it  30  feet  to  rep- 
resent the  culture  strata  wasted  by  wind  and  rain. 

Jjet  us  turn  now  to  the  shafts  at  the  north  kurgan.  Here  in  shaft  I, 
200  feet  west  of  the  kurgan,  we  found  a  wall  and  hearths  and  lower- 
culture  pottery  at  a  depth  8  feet  deeper  than  the  base  of  culture  in  the 
kurgan.  The  conditions  showed  that  the  settlement  was  started  on  the 
side  of  a  valley  which  had  dissected  the  delta-plain.  Several  hundred 
feet  farther  west,  in  shaft  II,  we  could  trace  the  progress  of  refilling  of 
the  valley,  for,  at  the  same  level  as  the  deep  culture  in  shaft  I,  we  found 
here  pottery  of  the  lower  cidture.  This  pottery  characterized  the  up- 
ward growth  of  the  strata  during  8  feet.  •  At  this  level  the  association 
of  upper-culture  pottery,  charcoal  and  bones,  as  well  as  their  conditions^ 
indicate  that  the  aggrading  had  ceased. 

The  sediments  above  this  pottery  seem  to  belong  to  the  latter  ag- 
grading, which  submerged  the  early  culture  at  the  south  kurgan. 

Change-producing  Agencibs 

Let  us  now  consider  the  agencies  that  have  been  active  in  these  pro- 
cesses of  cutting  down  and  rebuilding.  They  form  one  of  the  most  in- 
teresting illustrations  of  the  law  of  compensation  in  the  grand  cyclical 
action  of  forces  that  have  modeled  the  relief  of  the  surface  of  our  planet. 
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A  great  mountain  range,  Beveral  hundred  miles  long,  forms  the 
sharply  defined  southern  edge  of  the  desert  plains  of  eastern  central 
Asia.  It  rises  everywhere  abruptly  from  this  plain  to  a  height  of  from 
5,000  to  10,000  feet,  and  its  height  is  sufficiently  great  to  cause  it  to 
receive  abundant  precipitation  and  a  heavy  covering  of  winter  snows. 

Within  this  mountain  system  the  trunk  valleys,  after  following  a 
longitudinal  course,  turn  sharply  and,  cutting  through  the  border  range 
and  piedmont  hills,  debouch  their  waters  onto  the  plains. 

The  mountain  masses,  lacking  the  protection  of  a  heavy  forest  growth, 
are  subjected  to  rapid  disintegration  and  decay,  and  the  resulting  detri- 
tus is  carried  by  the  torrential  rivers  down  to  the  plains. 

In  a  coastal  region  these  waters  would  flow  onward  to  the  ocean  and 
the  silts  they 'had  brought  from  the  mountain  would  ultimately  complete 
the  same  course,  to  be  deposited  at  the  mouth  of  the  river,  to  form  there 
a  submarine  delta ;  but  in  an  arid  '^central'*  region,  such  as  is  Turkestan, 
the  conditions  are  different.  The  precipitation  is  confined  to  the  moun- 
tains, and  on  leaving  these  the  rivers  immediately  spread  out  in  a  region 
of  rapid  evaporation,  where  there  is  no  compensating  rainfall,  for  the 
valley  ends  at  the  mouth  of  the  mountain  gorge. 

Thus  all  the  coarse  and  fine  materials  brought  by  the  torrential  rivers 
from  far  and  near  in  the  mountains  are  deposited  within  a  zone  along 
the  edge  of  the  plain  at  the  base  of  the  Kopet  range.  The  rock-mass  of 
the  mountains  is  therefore  being  continually  removed  and  loaded  onto 
this  long  zone. 

Now  two  connected  phenomena  result  from  this  process:  on  the  one 
hand,  the  zone  of  deposition  is  continually  and  proportionately  sinking 
under  the  increasing  load,  and  on  the  other  hand  the  mountains  are  con- 
tinually rising  to  maintain  their  height. 

The  strain  established  in  the  rigid  crust  between  the  sinking  zone  of 
deposition  and  the  rising  mountain  range  finds  relief  in  the  development 
of  fractures  along  the  range,  as  well  as  others  which  permit  a  differential 
uplifting  of  great  block-masses.  The  evidence  of  this  compensatory 
maintenance  of  hydrostatic  equilibrium  is  strikingly  recorded  both  in 
the  Kopet  range  and  in  the  zone  of  deposition.  All  along  the  range  the 
lines  of  fracturing  are  visible  on  a  large  scale  in  well  developed  faultings, 
and  the  border  of  the  alluvial  plain  is  bent  sharply  upward,  having  been 
dragged  up  by  the  rising  mountains. 

Deep  longitudinal  valleys  are  carved  by  erosion  along  the  lines  of 
weakness  offered  by  these  fault-planes.  On  the  mountainward  side  of 
the  valley  rise  the  older  rocks  of  the  range,  while  on  the  other  is  a  steep 
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wall,  f onned  often  by  the  basset  edges  of  beds  of  conglomerate  which  are 
the  up-bent  representatives,  near  the  mountains,  of  the  alluvial  strata 
of  the  plains. 

On  the  other  hand,  the  sinking  of  the  zone  of  deposition  is  proved  in 
the  deep  artesian  well  southeast  of  Askabad.  This  boring  remained  to 
a  depth  of  over  2,200  feet  in  a  pure  delta  formation,  and  was  still  in  this 
when  boring  was  stopped,  at  a  depth  of  about  1,400  feet  below  the  level 
of  the  ocean. 

The  delta  is  broadly  divided  into  three  zones  of  deposition:  That  of 
quickly  dropped  coarse  detritus  at  the  apex;  the  main  body  of  the  delta, 
the  rapidly  descending  broad  surface  of  which  receives  sediments  from 
the  overflow  during  the  floods;  and  the  outer,  more  or  less  flat,  border, 
which  receives  both  the  finest  material  and  any  of  the  silts  that  escape 
with  the  water  that  in  flood-time  finds  its  way,  to  be  lost  beyond  on  the 
bordering  plain. 

This  bordering  zone  belongs  not  only  to  the  delta,  but  to  the  desert  as 
well;  and  it  is  here  that  is  waged  the  eternal  struggle  between  the  desert, 
with  its  breath  of  fire  and  its  overwhelming  sea  of  sand  on  the  one  hand 
and  the  life-bringing  waters  on  the  other. 

The  sands  from  the  desert  encircle  the  whole  delta  with  a  wall  of 
great  wave-like  dunes.  That  they  do  not  bury  it  is  due  chiefly  to  the 
slight  growth  on  them  of  grasses  that  arrest  the  action  of  the  wind, 
while  the  smaller  amount  of  sand  that  reaches  the  delta  is  distributed  by 
the  aggrading  waters. 

The  delta  streams  maintain  channels  through  these  dunes,  by  which 
the  excess  waters  of  the  floods  find  their  way,  to  spread  out  among 
dune-locked  depressions,  where  on  evaporating  they  leave  their  clay 
sediments  to  form  the  takyrs  or  adobe  flats. 

The  continued  process  of  aggrading  on  the  three  zones  of  the  delta 
is,  therefore,  of  a  complex  nature  and  dependent  on  varying  factors: 
At  the  apex,  there  remains  the  greater  part  of  the  coarsest  material, 
boulders,  cobble,  gravel,  and  coarse  sand;  the  middle  zone  receives  in 
overflow  much  of  the  finer  silts,  while  the  rest  of  the  finest  silts  accumu- 
late on  the  lowest  slopes  as  far  as  the  dune-barrier;  and  here,  too,  as  well 
as  beyond  in  the  dune-locked  depressions,  are  deposited  the  coarse  and 
fine  sediments  rolled  along  its  bottom  or  carried  in  suspension  by  the 
stream. 

Parallel  with  the  contribution  from  the  mountains  is  that  from  the 
boundless  desert  on  the  north.  As  we  have  seen,  a  part  of  the  sand  from 
the  desert  is  distributed  and  assimilated  by  the  living  delta.  Besides 
this  the  desert  whirlwinds  come  laden  with  fine  dust,  and  where  this  falls 
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on  the  delta  it  remains 
caught  in  the  vegetation 
and  it,  too,  enters  as  a 
loess  constituent  into  the 
delta  structure. 

Of  the  two  essential  fac- 
tors— mountain-rising  and 
precipitation — ^we  may,  I 
think,  take  the  rising  of 
the  mountains  to  average  a 
constancy  adequate  to  the 
maintenance  of  a  relatively 
constant  grade.  On  the 
other  hand,  we  will  prob- 
ably be  right  in  dealing 
with  considerable  periods 
of  time,  if  we  assume  that 
precipitation  is  a  factor  of 
more  varying  intensity.  It 
is  evident  that,  other 
things  remaining  equal, 
the  amount  of  detritus 
brought  from  the  moun- 
tains will  be  proportionate 
to  the  amount  of  precipi- 
tation to  supply  the  vol- 
ume of  water  needed  to 
move  it. 

After  this  detritus 
emerges  from  the  moun- 
tains, the  manner  in  which 
it  builds  up  the  delta  de- 
pends largely  on  the  rela- 
tion between  the  secularly 
maintained  volume  of 
water  and  the  established 
grade. 

The  tilting  of  the  edge 
of  the  plain  favors  ero- 
sive action  and  deepen- 
ing   of    the    channels    of 


666      R.  PUMPBLLY — EVOLUTION  OP   OASES  AND  CIVILIZATIONS 


watercourses  across  the  deltas.  Such  a  channel  having  been  established 
across  a  delta,  all  the  material  that  is  not  dropped  on  acconnt  of  its 
coarseness  at  the  apex  near  the  mountain  is  carried  onward.  Where  the 
floods  can  overflow  the  banks,  they  deposit  silts 
on  the  general  surface ;  but  the  greater  part  of 
the  detritus  carried  goes  to  the  gently  inclined 
and  dune-barred  foot-plain  of  the  delta,  where 
it  spreads  out,  forming  an  alluvial  plain  aronnd 
the  lower  slope  of  the  fan.  We  may  call  the 
upper  edge  of  this  aggrading  plain  the  grade- 
contour  line  of  alluvial  shore.  The  mouth  of 
the  valley  will  always  be  at  this  shoreline  and 
move  with  it  upstream  or  downstream. 

Border-tilting  remaining  the  same,  this  allu- 
vial shoreline  moves  up  and  down  along  the 
delta  slope,  according  to  the  fluctuations  in 
precipitation.  The  greater  the  volume  of 
water  and  of  its  silts,  the  more  rapidly  will  ihe 
alluvia'l  plain  be  aggraded,  its  shore  be  moved 
up  the  delta-slope,  and  the  tilted  piedmont  val- 
ley be  obliterated  in  its  lower  stretch. 

A  suflBciently  long  continuance  of  these  con- 
ditions will  aggrade  the  whole  delta,  covering 
it  to  its  apex  with  a  shell  of  alluvial  strata,  and 
the  valley  will  be  wholly  obliterated;  the  sur- 
.f  »•   face  of  the  delta  will  now  become  the  floodplain 
1 5   of  the  stream  arid  the  aggrading  will  now  occur 
'?  ^   over  the  whole  surface  from  the  apex  downward. 
5  I       On  the  other  hand,  with  a  sufficient  diminn- 
I  *   tion   of  precipitation   and  of  inbrought  silts, 
I  ^   mountain-rising  remaining  constant,  the  stream, 
untrammeled  by  excessive  load,  will  again  work 
at    cutting    a    channel;    agradation    will     be 
at    cutting    a    channel;    aggradation    will    be 
channel  mouth,  move  to  the  foot-plain  or  be- 
yond,   among   the   dune-locked   basins   of   the 
desert;  aggrading  will  be  continuous  below  the 
;  1 1  ^K 1 5       «•   zone  of  oscillation  of  the  alluvial  shoreline. 

Let  us  now  apply  these  principles  to  an  inter- 
pretation of  the  facts  observed  in  the  shafts  at 
Anau  in  their  bearing  on  the  history  of  the 
prehistoric  settlements. 
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The  cutting  down  of  the  yalleys,  ohBerved  there  would  represent 
periods  of  lesser  precipitation^  and  the  refilling  would  mark  periods  of 
increased  precipitation. 
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The  information  obtained  in  the  shafts  is  brought  together  in  figure  5, 
in  which  the  essential  facts  are  represented  correctly  in  the  vertical  scale, 
while  in  the  positions  of  the  valley  walls  are  necessarily  idealized. 
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During  a  dry  period  preceding  the  founding  of  the  north  knrgan,  a 
valley  had  been  cut  in  the  delta-plain,  the  surface  of  which  dated  fn.^m 

^  'j^— .—....-.w  loess-forming  time. 

**^Pl  «r'"'~^  Then   came  a  period   of  increased  precipitation, 

during  which  the  valley  was  refilling  during  the  life 

"2  of  the  oldest  culture  and  into  that  of  the  second. 

I  During  part  of  the  second  culture — ^the  latter  part 

S  of  the  life  of  the  north  kurgan — there  recurred  a  dry 

i  period   during   which    the   valley   was    reexcavated- 

^  When,  under  renewed  precipitation,  it  began  to  refill 

•=  caL-*"—     5  again,  the  south  kurgan  was  started  on  the  west  side 

ICT**    I  ^^    *^^    valley,    on    the    orignal    loess-plain.     This 

*5S5^    ?  growth  of  sediments  continued  till  it  rose  higher  than 

rJT^      -•  the  previous  aggrading,  overflowing  not  only  the  ter- 

:t:i!;n'     |  race  of  this  and  the  general  plain,  but  also  a  part  of 

f  the  earlier  culture  of  the  growing  south  kurgan ;  and 

"2  it  continued  to  grow  until  the  flourishing  period  of 

g  the  life  of  this  kurgan  was  drawing  to  a  close,  at  a 

H  a»r-r—      ^  height  of  52  feet  above  its  base. 

a  Then  followed  again  a  change  to  dryness,  causing 

I  the  reexcavation  of  the  valley  and  lasting  through  tlie 

^  life  of  the  supposed  barbarian  occupation. 

I  Again  a  reverse  change  caused  the  refilling  (shaft 

•  B)  that  followed,  which  lasted  till  the  introduction 

g  of  irrigation,  and  this  period  of  refilling  coincided 

£  with  the  life  of  the  Iron  culture. 

The  coincidence  is  thus  very  marked  between  the 

•s  founding  and  growth  of  cultures  and  the  conditions 

4;  of  precipitation  that  permitted  the  aggrading  of  this 

«  part  of  the  delta;  and  equally  well  marked  is   the 

^z:^     ^  relation  between  the  dry  periods  and  the  disappear- 

1  ance  of  cultures. 

"2  In  the  accompanying  table,  figure  6,  E.  W.  Puni- 

I.  pelly  has  attempted  to  correlate  the  march  of  human 

a  and  physical  events  during  Quartemary  and  recent 

2  time. 
The  record  in  the  Askabad  well  (figure  7)  is  very 

interesting,  for  it  gives  a  section  extending  2,300  feet 
down  in  the  zone  of  deposition  and  depression. 
Below  the  upper  60  feet,  with  the  exception  of  layers  of  coarse  material 
aggregating  less  than  one-tenth  of  the  volume,  it  consists  uniformly  of  a 
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brown  loam,  which  indicates  clearly  that  loess-dust  enters  into  it  as  an 
important  constituent.  Of  the  upper  60  feet,  60  consist  of  more  or  less 
coarse  material  in  which  the  brown  loam  is  absent. 

The  conditions  that  permitted  the  forming  of  these  great  thicknesses 
of  brown  loam  were  apparently  those  belonging  with  a  greater  amount 
of  both  general  and  local  precipitation.  They  presuppose,  I  think,  a 
degree  of  moisture  that  does  not  now  obtain,  under  the  influence  of 
which  there  was  a  perennial  growth  of  grass  suflBcient  to  allow  the 
growth  of  intimately  mixed  alluvial  silts  and  loess-dust. 

Of  the  upper  60  feet  of  this  column,  60  feet  consist  of  more  or  less 
coarse  material  without  brown  loam,  and  I  imagine  that  the  top  of  the 
brown  loam  at  — 60  feet  in  the  well  is  proximately  contemporaneous  with 
the  similar  material  under  the  north  and  south  kurgans,  and  that  its 
greater  depth  may  roughly  correspond  to  the  depth  to  which  degradation 
extended  before  the  refilling  of  the  valley  occurred,  during  which  the 
north  kurgan  was  started. 

The  absence  of  the  brown  loess-dust  constituent,  both  from  the  upper 
60  feet  in  the  well  and  in  the  sediments  deposited  at  Anau  after  the 
starting  of  the  north  kurgan,  points,  I  think,  to  a  diminished  precipita- 
tion over  the  piedmont  zone;  that  is,  diminished  suflBciently  to  cause  a 
deficiency  in  the  growth  of  grass  required  to  retain  the  loess-dust. 

When  we  compare,  further,  the  upper  60  feet  in  the  well  with  the 
whole  of  the  column  below,  we  see  that  there  is  evidence  of  a  great 
change  from  a  long-continued  different  condition ;  and  when  we  consider 
together  the  apparent  decrease  in  vegetation  indicated  by  the  absence 
of  the  loess  constituent,  and  the  evidences,  both  geographical  and  arche- 
ological,  of  regional  desiccation,  the  change  would  seem  clearly  to  have 
been  toward  aridity.  The  successive  degradation  and  rebuildings  re- 
corded in  our  shafts  show  that  this  period  was  one  of  fluctuating 
climate — a  time  in  which  the  periods  of  greater  precipitation  aflfected 
the  moimtain  regions  without  causing  local  rainfall,  after  winter,  on  the 
zone  of  deposition. 

The  time  needed  for  the  accumulation  of  the  observed  2,300  feet  of 
sediments  in  the  Askabad  well  can  be  estimated  only  in  geological 
chronology.  It  doubtless  extends  well  back  in  the  Pleistocene  period, 
and  it  is  not  unlikely  that  the  conditions  shown  in  frequent  recurrences 
of  coarse  cobble-beds  between  the  depths  of  600  and  900  feet  mark  the 
last  great  glacial  advance. 

Looking  on  the  loess-forming  condition  shown  below  — 60  feet  as 
typical  of  the  piedmont  plains  of  southern  Turkestan  generally  and 
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probably  of  northern  Persia  as  well,  we  see  correspondence  with  the  con- 
ditioos  that  permitted  the  existence  of  the  herds  of  ruminants  and  horses 
that  in  Pleistocene  time  ranged  from  Mcmgolia  to  southeastern  Europe; 
and  that  tiiese  animals  existed  in  a  wild  state  at  Anau  at  the  time  when 
the  north  kurgan  was  settled  is  proved  bj  Doctor  Duerst^s  study  of  the 
bones  collected  during  our  excavaticms. 

iNTBODUOnON  OF  IrBIGATIOK 

If  we  look  at  the  present  climatic  conditions  ruling  throughout 
Turkestan,  we  find  that  irrigation  is  now  almost  everywhere  essentiaL 
The  only  exceptions  are  the  high  valleys  and  the  piedmont  borders  of 
the*  more  lofiy  ranges. 

At  a  few  points,  as  near  Samarkand,  grain  is  planted  on  the  mere 
chance  of  there  coming  once  in  two  or  three  years  enough  rain  to  mature 
a  scanty  crop;  but  along  the  piedmont  plain  of  the  Kopet  range  there 
is  no  local  precipitation  after  March. 

The  arid  extreme  of  the  climatic  fluctuations,  which  coincided  with 
the  disappearance  of  the  different  cultures  of  the  kurgans  and  seem  to 
have  caused  these  interruptions,  were  .very  probably  less  dry  than  is  now 
the  case,  but  they  were  doubtless  suflSciently  severe  to  render  the  pre- 
viously practiced  system  of  agriculture  useless  for  the  maintenance  of 
population  and  of  domestic  animals. 

Not  until  the  introduction  of  the  artificial  distribution  of  water  was 
it  possible  th^iceforth  to  maintain  a  continuity  of  civilized  life. 

The  introduction  of  irrigation  reversed  the  order  of  the  delta-building 
processes.  By  bringing  all  the  water  under  control  through  the  season 
in  which  it  carries  sediments  and  distributing  it  evenly  over  the  delta, 
the  aggrading  shoreline  was  kept  back  at  the  apex,  instead  of  receding 
toward  the  desert,  and  the  delta  was  continually  built  up  over  its  whole 
extent.  That  this  has  been  the  case  ever  since  irrigation  began  is  shown 
by  the  fact  that  since  the  first  layers  of  irrigation  sediments  were  depos- 
ited over  the  old  channel  shown  in  shaft  B,  there  has  been  no  recurrence 
of  dissection. 

Had  irrigation  not  come  to  the  rescue,  the  aggrading  shoreline  would 
have  receded  desertward  and  the  prolonging  channels  would  have  car- 
ried the  sediments  onward  to  form  barren  takyrs,  or  mud-flats,  on  the 
dame-covered  plain. 

Since  the  greater  part  of  the  fine  sediments  brought  from  the  moun- 
tains is  now  retained  on  the  delta,  the  rate  of  growth  of  the  irrigation 
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formation  is  more  rapid  than  was  that  of  the  natural  sediments  observed 
in  the  shafts.  At  present  our  only  way  of  estimating  this  rate  is  by 
comparison  with  that  of  the  accumulation  of  culture  strata.  Both  the 
city  of  Anau  and  the  irrigation  formation  started  on  the  natural  surface 
of  the  delta;  and,  while  in  the  city  the  culture  strata  have  grown  to  a 
height  of  38  feet,  the  irrigation  formation  has  risen  on  either  side  to  a 
thickness  of  15  feet,  which  would  give  a  ratio  of  1  of  irrigation  to  about 
2.5  of  the  culture  strata  of  the  dty  of  Anau,  which  accumulated  more 
rapidly  than  those  of  the  kurgans. 

Ghbonolooy 

The  greatest  interest  centers,  naturally,  in  the  problem  of  the  age  of 
these  different  cultures,  and  in  tiieir  relation  to  the  origin  of  Western 
civilizations,  if  any  relations  may  be  shown  to  exist. 

The  wide  geographical  separation  between  Anau  and  the  fields  of 
Western  cultures  and  the  paucity  of  objects  found  by  us  that  recall  in  a 
definite  manner  similarities  to  objects  of  external  civilizations  surround 
the  subject  with  the  greatest  obstacles. 

Any  treatment  in  the  direction  of  proximate  dating  of  any  one  of 
the  cultures  of  Anau  or  advancing  a  general  chronological  scheme  can  be 
at  the  best  only  tentative  and  can  serve  only  as  a  working  hypothesis. 

Such  a  working  hypothesis  has  gradually  formed  itself  in  my  mind 
and  is  developed  in  the  following  pages. 

To  begin  with,  I  assume- 
First,  that  distinctive  pottery,  peculiar  to  a  culture  throughout  our 
successively  superimposed  earth  layers,  is  evidence  of  corresponding 
continuity  of  that  culture. 

Second,  that  since  it  is  a  fact  that  throughout  the  lives  of  our  sites 
at  Anau  the  towns  were  built  only  of  air-dried  bricks,  the  secular  rate  of 
growth  of  culture  strata  can  be  taken  as  proximatively  uniform. 

Third,  that  two  separate  sites,  whose  cultures  are  characterized  by  ea- 
tirely  different  and  peculiar  potteries,  can  not  exist  contemporaneously 
for  centuries  in  close  proximity  to  each  other  without  such  an  inter- 
change of  pottery  as  would  come  to  light  during  the  excavation. 

This  is  applying  to  archeology  the  rules  of  geological  reasoning. 

We  know  the  thickness  of  the  strata  of  each  of  the  cultures  of  the 
three  neighboring  sites  and  we  know  the  aggregate  existing  thickness  of 
the  cultures  of  each  of  the  sites. 

If  we  take  the  duration  of  each  culture  to  be  proportionate  to  the 
thickness  of  its  accumulated  strata,  the  duration  of  the  entire  series  will 
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be  represented  by  the  aggregate  existing  thickness  of  all  the  strata  pins 
any  time-gaps  between  different  cultures  and  minus  any  overlaps  of  the 
cultures  of  the  neighboring  sites. 

In  figure  2  I  have  arranged  in  one  column  all  the  cultures  of  the  two 
kurgans  and  the  city.  In  dq^ig  this  I  have  represented  the  two  time-gaps 
already  mentioned  by  the  equivalents  in  culture  growth,  obtained  bj 
using  the  ratio  of  1  sediments  to  2.5  culture  strata,  as  already  mentioned. 

Having  established  in  the  column  the  deduced  aggregate  thickness  of 
the  culture  strata,  the  next  step  is  to  find  means  of  determining  the  sec- 
ular rate  of  growth.  This  would  be  a  relatively  simple  matter  if  our 
column  represented  culture  sites  on  the  Mediterranean,  for  in  that  case 
there  could  not  fail  to  be  many  objects  scattered  through  it  that  could 
be  easily  dated  in  the  light  of  Western  archeology. 

In  remote  Transcaspia  it  is  different.  The  evidence  must,  in  the  first 
line  of  reasoning,  be  internal,  and  in  the  present  state  of  our  work  we 
have  few  data  of  approximate  value. 

In  the  shafts  sunk  in  the  city  of  Anau  there  was  found  glazed  pottery 
continually  down  to  a  level  of  6  feet  above  the  bottom  of  culture.  Now 
no  authenticated  finds  of  this  ware  had  occurred  in  the  kurgans,  except- 
ing in  the  surface  debris  of  the  uppermost  strata  of  the  south  kurgan, 
where  they  might  owe  their  presence  to  having  been  left  on  the  former 
surface  at  any  much  later  time. 

In  the  main  part  of  the  ruined  city  of  Qhiaur  Kala,  in  Old  Merv,  frag- 
ments of  glazed  pottery  were  found  by  us  down  to  a  depth  of  20%  feet, 
where  they  were  associated  with  Sassanide  coins  of  the  third  century 
A.  D.,  and  below  which  depth  they  were  not  found. 

On  the  strength  of  this  evidence,  glazed  pottery  would  seem  to  have 
been  introduced  into  Merv  not  earlier  than  the  third  century  A.  D. ;  and 
since,  in  so  far  as  the  evidence  of  the  three  shafts  in  Anau  city  goes,  it 
first  appears  there  at  6  feet  above  the  bottom  of  culture,  we  may  assume 
that  its  introduction  into  Anau,  which  was  also  under  Persian  rule,  was 
no  earlier. 

Its  appearance  at  Anau  is  accompanied  by  a  change  in  the  ordinary 
pottery,  slightly  glazed  light  greenish  ware  partially  superseding  the 
hard-baked  red  ware  of  the  lower  five  feet. 

It  would  seem  proper  to  ascribe  these  innovations  to  some  important 
historical  event.  Now  the  mullahs  told  me  that  Anau  was  fortified  by 
Nu-shirvan  (Chosroes  I),  whose  reign,  531-579  A.  D.,  was  the  most 
brilliant  period  of  Sassauian  rule.  In  667  he  made  his  campaign  against 
the  Hephtalites  (White  Huns)  and  strengthened  his  outposts  against  the 
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attacks  of  these  nomads  of  the  northeastern  plains,  and  it  was  probably 
at  this  time  that  he  fortified  Anan. 

I  think  we  shall  be  on  the  safe  side  in  dating  the  introduction  of 
glazed  ware  in  the  middle  of  the  sixth  century  A.  D.,  and  in  assuming 
that  it  was  introduced  into  Persia  from  its  home  in  Mesopotamia. 

There  are  33  feet  of  culture  strata  overlying  the  lowest  appearance  of 
this  ware,  and  these  ceased  to  accumulate  in  the  middle  of  the  nineteenth 
century  A.  D.  This  would  give  a  rate  of  2^/^  feet  per  century.  That 
this  is  not  making  the  rate  unduly  slow  appears  from  another  compar- 
ison. The  superb  mosque  at  Anau  was  built  in  1444,  as  stated  in  the 
Kufic  inscription  of  its  fagade.  Its  floor  stands  9  feet  lower  than  the 
top  of  the  culture  strata  of  the  city,  which  would  give  a  rate  of  2^  feet 
per  century.  If  we  apply  the  rate  of  2i/^  feet  to  the  whole  of  the  38 
feet,  we  obtain  the  middle  of  the  fourth  century  A.  D.  for  the  date  of 
the  founding  of  the  city. 

The  culture  strata  of  the  city  are  of  very  loose  texture;  those  of  the 
upper,  or  iron,  stage  of  the  south  kurgan  are  considerably  less  so,  while 
the  rest  of  the  south  kurgan  and  all  of  the  north  kurgan  are  very  closely 
compacted.  I  have  for  this  reason  taken  a  rate  of  2.1/4  feet  per  century 
for  the  period  between  the  top  of  the  copper  culture  and  the  founding  of 
the  city  of  Anau  and  2  feet  for  the  rate  from  the  end  of  the  copper  stage 
of  the  south  kurgan  back  to  the  founding  of  the  north  kurgan. 

Using  these  rates,  we  may  establish  tentatively  the  following  approx- 
imate dating  of  the  essential  events: 

Founding  of  Anau about  370  A.  D. 

Beginning  of  Iron  culture in  fourth  century  B.  C- 

Founding  of  south  kurgan  and  introduction  of  the  pot- 
ter's wheel about  3750  B.  C. 

Base  of  upper  (aeneolithic)  culture  of  the  north  kur- 
gan      about  6000  B.  C. 

First   domestication  of  animals,  beginning  with   the 

long-homed  ox  out  of  Bos  namadicus about  8000  B.  C. 

Founding  of  north  kurgan about  8250  B.  C. 

The  deduction  that  the  plain  below  the  alluvial  shoreline  has  aggraded 
at  least  65  feet  during  the  past  10,000  years  has  an  important  bearing 
on  the  limitations  of  archeological  discoveries,  not  only  in  Turkestan,  but 
also  in  all  aggrading  regions  of  a  similar  character. 

It  is  evident  that  within  the  zone  of  continuous  aggradation  any  sites 
older  than  the  north  kurgan  must  be  buried  out  of  sight  unless  they  had 
been  occupied  long  enough  to  rise  to  a  height  of  at  least  65  feet. 
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It  will  be  inteiestmg  also  to  make  a  tentative  application  of  the 
chronological  data  given  in  the  tables  to  the  strata  of  alluvial  growth 
penetrated  in  the  Askabad  well. 

The  rate  of  growth  of  the  delta  alluvium  is  0.8  feet  per  century  as 
compared  with  culture  strata  at  2  feet  per  century. 

An  inspection  of  the  record  of  the  boring  reproduced  on  figure  6  will 
show  that  between  the  depths  of  500  feet  and  1,680  feet  the  strata  of 
sediments  coarse  than  silts  are  of  the  coarsest  kinds — large  cobble — the 
long  interval  between  500  feet  and  1,680  feet  difi!ering  in  this  respect 
wholly  from  the  rest  of  the  column,  both  above  and  below. 

There  can  be  little  question,  I  think,  that  the  extremely  coarse  charac- 
ter of  these  beds  and  the  frequency  of  their  occurrence  in  this  part  of  the 
column  indicate  for  this  interval  a  correspondingly  long  period  of  in- 
creased precipitation,  during  which  the  swollen  streams  were  enabled  to 
carry  the  coarsest  constituents  of  their  load  farther  down  their  channels, 
while  lateral  overflow  spread  much  of  the  finer  silts  over  the  delta-surface. 

It  is  likely  that  this  part  of  the  column  records  some  of  the  phases  of 
the  Glacial  period.  It  is  also  possible  that  the  sediments  between  320 
and  1,820  feet  grew  more  rapidly  than  those  of  the  rest  of  the  column, 
and  that  our  deduced  ratios  are  applicable  only  to  the  upper  320  feet, 
or  to  the  growth  of  the  last  40,000  years. 

Turkestan  and  Irania^  a  Beoion  of  Independent  Ethnic  and 
Cultural  Evolution  under  Isolation^  dating  from  Preolagial  or 
Interolacial  Time 

In  considering  the  observed  data  of  the  earliest  of  the  Anau  cultures 
in  their  ethnographic  relations,  one  must  be  struck  by  a  singular  fact: 
They  had  none  of  the  iLstuil  weapons  of  offense  and  defense;  the  cores 
from  which  they  made  the  abundant  flint  knives  arouse  our  wonderment 
at  the  absence  of  the  arrow-points,  spear-heads,  and  axes  found  in  almost 
all  advanced  Stone  Age  and  neolithic  settlements,  as  well  as  of  maoea 
and  artificially  formed  sling-stones.  Now  axes,  spear-points,  and  arrow- 
points  of  stone  are,  throughout  the  rest  of  the  world,  everywhere' abun- 
dant where  primitive  man  has  existed,  and  in  the  improvement  in  the 
manner  of  their  fashioning  they  serve  to  mark  oflp  the  long  stages  in  the 
slow  development  of  primitive  human  culture. 

The  evolution  of  these  implements  from  the  almost  natural  shape  to 
highly  finished  forms,  specialized  for  different  uses,  was  exceedingly 
slow.  This  has  been  proved  at  several  points  in  Europe,  where  they 
have  been  found  in  strata  of  different  epochs  of  the  Glacial  period  and 
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intimatelj  associated  with  undoubtedly  contemporaneous  animals  of 
those  epochs,  and  in  all  cases  the  progress  in  time  is  paralleled  by  the 
improvement  in  workmanship. 

So  true  is  this  considered  to  be,  that  in  studying  these  successire 
stages,  glacial  and  interglacial,  in  Europe,  of  the  Glacial  period,  the  ero- 
lution  of  forms  and  of  workmanship  in  the  stone  implements,  when  such 
are  found,  is  only  second  in  value  to  the  bones  of  those  animals  with 
which  the  implements  are  associated  and  which  mark  the  long  oscillation 
between  subtropical  and  arctic  climates. 

The  early  use  of  stone  as  a  tool  and  the  slowly  developing  inventive 
faculty  at  last  rendered  possible  the  manufacture  of  finely  formed  axes 
and  spear  and  arrow  points.  These  were  acquisitions  that  stood  casually 
and  first  in  human  development,  in  the  same  order  with  the  discovery  of 
the  use  of  metals,  powder,  and  steam. 

It  is  not  conceivable  that  a  people  who  had  once  possessed  this  acquisi- 
tion and  had  used  axes  and  arrow-points  and  spear-points  of  stone  could 
have  lost  the  advantage  these  offered.  This  would  be  still  more  remark- 
able in  the  case  of  our  Anauli,  who,  though  settled  in  communities,  still 
hunted  wild  animals  and  who  had  quartzite  close  at  hand,  as  well  as  the 
flint  of  which  are  found  the  knives  in  such  abundance  and  the  cores  from 
which  they  were  flaked. 

I  see  no  way  of  accounting  for  the  absence  of  these  forms  of  imple- 
ments and  weapons  except  on  the  hypothesis  that  the  ancestors  of  this 
people  had  become  absolutely  isolated  from  the  rest  of  mankind  at  a 
period  so  remote  as  to  be  before  the  invention  of  these  forms  and  perhaps 
even  before  the  use  of  stone  as  a  tool. 

And  they  must  have  remained  without  contact  with  peoples  among 
whom  these  implements  and  weapons  were  in  use. 

The  next  and  necessary  deduction  under  this  hypothesis  is  that  the 
whole  of  their  culture  is  autochtonous,  in  the  sense  that  it  received  no 
impulses  from  outside  the  people  or  circle  of  peoples  so  isolated. 

It  presupposes  an  early  separation  of  a  great  inner  continental  region 
from  the  rest  of  the  inhabited  world. 

I  imagine  that  the  cause  of  this  separation  is  to  be  sought  in  one  of 
the  stages  of  the  Glacial  period,  when  the  region,  considered  as  a  whole, 
became  isolated  as  far  as  human  intercourse  was  concerned.  Moreover, 
after  this  it  probably  took  a  long  time  for  the  reaction  from  the  condi- 
tions induced  by  the  ice-epoch  to  make  much  progress  in  breaking  up  the 
continuity  of  the  loess-steppes  and  to  widen  the  distance  between  hab- 
itable areas. 
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The  reaction  did  not  begin  until  the  inflow  of  water  became  ins 
cient  to  maintain  the  inland  sea  at  its  maximam  of  expansion.  After 
this  came  the  change  to  segregation  of  commonities,  first  into  larc-rrr 
groups  of  loosely  connected  units,  then  the  breaking  op  of  these  intj 
smaller  groups. 

Within  the  wider  limits  of  the  region  more  or  leas  intercourse  could 
exist  between  the  delta  oases  on  some  stretches  along  the  piedmont  be!;, 
and  often  still  more  easily  between  those  on  opposite  sides  of  relatiTelj 
low  mountain  ranges.  The  essential  condition  was  a  sufficient  frequenoj 
of  springs  or  streams  to  permit  travel  on  foot 

Under  such  conditions,  continued  through  thousands  of  jeara,  the 
related  peoples  becoming  isolated,  in  oases  and  oasis  groups,  would  dif- 
ferentiate, each  evolTing  its  own  culture  along  lines  influenced  by  in- 
herited traditions,  environment,  and  racial  character. 

The  deyelopment  would  in  general,  on  account  of  the  isolation,  be 
peaceful,  and,  while  alone  and  uninterrupted,  would  lack  the  benefit  of 
acquisition  of  the  new  factors  that  come  with  intercourse  with  unrelated 
peoples. 

The  growth  of  population  on  these  restricted  areas  was  necessarily 
accompanied  by  evolution  in  social  organization.  We  find  the  people 
living  in  towns,  and  the  long  continuance  of  life  under  individual  town 
government,  practically  without  external  relations,  while  developing 
great  individuality,  must  have  given  the  many  peoples  thus  situated  cer- 
tain fundamental  political  characteristics  common  to  alL 

In  the  same  way,  in  so  far  as  the  physical  environment  was  similar, 
certain  classes  of  customs,  arts,  and  occupations  must  have  evolved  along 
similar  lines. 

In  BO  far  as  the  peoples  of  larger  or  minor  groups  of  oases  differen- 
tiated from  the  same  stock  or  from  the  same  language  stock,  their  lan- 
guages would  retain  traces  of  the  original  generalized  speech. 

All  these  are  ethnographic  data  to  be  carefully  searched  for  in  sifting 
and  analyzing  the  results  of  future  investigations. 

It  is  certain  that  during  this  physiographic  condition  of  the  r^on 
in  question,  before  the  domestication  of  the  horse  and  camel,  there  could 
be  no  movement  of  population,  nor  of  organized  bodies  of  men,  nor  of 
individual  across  the  broader-limiting  deserts  or  waterless  steppes. 

There  are,  however,  several  data  among  our  finds  from  this  earliest 
Anau  culture  which  show  that  a  certain  amount  of  intercourse  existed 
with  other  parts  of  the  oasis-world.  Turquoise  beads,  which  occur  as 
burial  gifts  with  the  skeleton  of  a  child,  must  have  come  from  Persia, 
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where  it  is  known  both  to  the  south  of  Anau  and  farther  eastward  on 
the  plateau. 

Again,  the  importation  I  have  mentioned,  of  an  already  domesticated 
pig  and  goat,  of  which  the  wild  forms  exist  in  India  and  Persia,  indi- 
cates a  relation  with  at  least  eastern  Persia  or  Afghanistan;  and  the 
possession  of  domesticated  animals  on  other  oases  shows  that  the  peoples 
of  other  parts  of  our  oasis-world  had  passed  the  line  that  is  held  by  many 
to  mark  the  transition  from  barbarism  to  civilization. 

It  is  hardly  conceivable  that,  if  the  peoples  of  these  distant  oases  had 
known  the  art  of  making,  from  stone,  axes  and  points  for  arrows  and 
spears,  this  knowledge  would  not  have  been  imported  with  the  turquoise, 
the  pig,  and  the  goat  into  Anau. 

We  have  at  present  no  means  of  knowing  how  the  earliest  culture  of 
our  settlements  at  Anau  stands  in  relation  to  the  generalized  cultures  of 
central  Asia  before  the  segregation  into  isolated  communities,  for  there 
have  been  made  no  other  systematic  excavations  anywhere  to  discover 
traces  of  the  older  civilizations. 

The  constituents  of  the  earliest  culture  foipd  at  Anau  presuppose  an 
evolution  during  many  thousand  years.  How  slow  it  must  have  been  is 
shown  by  the  almost  unvarying  character  of  its  pottery  during  the  two 
millenniums  of  its  existence  at  the  north  kurgan. 

When  we  compare  this  culture  with  the  two  succeeding  and  intruding 
ones,  we  find  both  differences  and  points  in  common.  Each  has  its  own 
peculiar  technique  in  pottery  and  scheme  of  design  in  painted  decoration. 
All  three  hsive  in  common  a  rectangular  construction  of  houses  of  air- 
dried  bricks,  with  doors  swinging  on  pivot-stones;  the  same  spindle 
whorls,  the  same  bottomless  bake-oven  pots,  the  same  mealing  stones; 
and  through  it  all  there  persists  the  same  custom  of  burying  children 
under  the  house  floor  in  a  contracted  position.  The  differences  are  due 
to  independent  cidture  evolution  in  separate  oases  of  one  or  of  several 
groups.  But  the  points  in  common  date  from  an  earlier  stage  in  the 
forming  of  groups  and  presuppose  beyond  doubt  a  long  period  of  dwell- 
ing in  houses  and  of  knowledge  of  the  potter's  art  and  of  spinning,  and, 
if  we  may  judge  from  the  mealing  stones,  possibly  some  form,  however 
primitive,  of  agriculture. 

Of  these  the  peculiar  burial  custom  and  the  mealing  stone  probably 
date  from  a  still  earlier  and  regionally  more  generalized  culture.  Per- 
haps we  may  say  the  same  of  the  bottomless  bake-oven,  for  it  exists  in 
use  today  far  and  wide  over  Transcaspia  and  northern  and  eastern 
Persia.     The  earliest  acquisitions  are  often  the  last  to  be  lost. 
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We  are  thus  carried  back  two  Btages  in  the  progress  of  differentiation 
of  oasis  groupings  beyond  the  founding  of  onr  earliest  culture  at  Anan ; 
and  I  think  most  modem  ethnologists  will  agree  that  this  means  periods 
of  thousands  of  years.  But,  however  far  back  this  may  go,  the  time 
interval  must  have  been  many  times  greater  that  elapsed  between  the 
culture  that  built  houses,  had  the  art  of  spinning  and  a  developed  tech- 
nique in  pottery  and  design,  and  that  remote  and  generalized  stage  of 
pale6lithic  humanity  in  which  the  stone  arrow-point  and  axe  were  un- 
known. 

All  this  points  to  a  regionally  widespread  autochthonous  culture  evolu- 
tion, which  owed  its  generic  character  to  its  early  r^onal  isolaticm  and 
its  differentiations  to  the  segr^ation  into  oasis  groups  imposed  upon  it 
by  the  regional  progress  of  desiccation. 

In  this  respect  it  is  a  unique  ethnographic  province  and  stands  in 
strong  contrast  on  the  one  hand  with  the  West,  where  early  man  could 
move  throughout  Europe,  Africa,  and  Asia  Minor,  and  with  northern 
Asia  and  the  Americas. 

Origin  of  Agriculture  and  of  organized  settled  Society 

With  the  gradual  shrinking  in  dimensions  of  habitable  areas  and  the 
disappearance  of  herds  of  wild  animals,  man,  concentrating  on  the  oases 
and  forced  to  conquer  new  means  of  support,  b^an  to  utilize  the  native 
plants,  and  from  among  these  he  learned  to  use  the  seeds  of  different 
grasses  growing  in  the  dry  land  and  in  the  marshes  at  the  mouths  of 
larger  streams  on  the  desert. 

With  the  increase  of  population  and  its  necessities,  he  learned  to  plant 
the  seeds,  tnus  making,  by  conscious  or  unconscious  selection,  the  first 
step  in  the  evolution  of  the  whole  series  of  cereals. 

For  a  long  time  the  rainfall  was  doubtless  suflScient  to  ripen  grains, 
as  it  still  is  in  some  of  the  valleys  of  Ferghana,  and  in  some  years  even 
at  Samarkand. 

Later,  experience  taught  the  need,  and  some  simple  method,  of  arti* 
ficial  watering,  and  in  this  acquisition  lay  the  germ  of  agriculture  and 
of  the  conquest  of  the  arid  regions  of  the  globe. 

In  Asia  it  rendered  possible  the  civilizations  of  Elam  and  Meso- 
potamia. All  the  really  great  prehistoric  cultures  were  developed  in 
arid  regions— all  of  those  of  which  we  have  knowledge,  and  perhaps 
others  of  which  we  have  not  yet  found  the  remains,  in  Mongolia,  Arabia, 
and  the  Sahara,  while  in  America  we  have  an  instance  in  Peru.    The 
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fertile  loess  on  the  semiarid  borders  of  such  regions  and  the  equally 
generous  soil  of  the  delta  oasis  were  the  foundation  on  which  the  inde- 
pendent cultures  of  Tillage  communities  were  built  up.  Only  later, 
when  the  knowledge  thus  obtained  could  be  applied  to  the  utilization  of 
great  rivers  in  turning  wide  deserts  into  gardens,  was  it  possible  to  ren- 
der populous  great  countries  under  the  centralized  power  that  constituted 
empire. 

This  stage  was  never  fully  reached  in  central  Asia  and  northern  Persia. 
The  countless  isolated  oases,  even  under  Chaldean,  Persian,  and  Arab 
dominion,  never  advanced  really  much  more  than  nominally  beyond  the 
feudal  stage. 

If  the  hypothesis  outlined  in  the  last  pages  be  well  founded  in  its 
essentials,  it  follows  that  where  we  find  among  the  acquisitions  of  the 
earliest  of  the  cultures  at  Anau  resemblance  to  those  of  neolithic  cultures 
in  the  West,  such  similarity  can  not  be  due  to  importation  from  the 
Western  spheres.  If  they  are  not  due  to  coincidence,  these  acquisitions 
must  be  considered  as  having  originated  in  our  oasis  world,  and  to  have 
been  transported  beyond  its  limits  after  the  domestication  of  the  horse, 
or  of  the  horse  and  camel,  rendered  extended  intercourse  possible. 

Among  such  acquisitions  we  must  include  a  knowledge  of  copper  and 
lead  and  I  think  also  the  art  of  spinning. 

We  have  seen  the  birth  of  the  great  inner-continental  region  of  the 
Eurasian  continent.  We  have  seen  that  from  the  very  conditions  of  its 
birth  it  was  predestined  to  a  definite  course  of  life  history  peculiar  to  its 
kind,  and,  treating  it  as  an  organic  whole,  we  have  seen  this  course 
toward  ultimate  desolation  temporarily  modified  by  the  climate  of  the 
Glacial  period. 

What  I  wish  particularly  to  emphasize  is  the  conception  that,  in  the 
intervention  of  the  Glacial  period  and  its  reaction  on  the  inner- 
continental  conditions,  we  must  see  the  initial — ^the  motiving — factors 
in  the  evolution  of  the  intellectual  and  social  life  of  man. 

Shut  off  from  the  periphery  of  Asia  and  from  the  other  continents 
while  still  in  a  low  stage  of  savagery,  we  see  him  gradually  broken  up 
into  smaller  groups,  which  are  forced  into  isolation  on,  in  the  main, 
continually  diminishing,  habitable  oases ;  and  we  see  on  these  the  growth 
of  differentiated,  but  fundamentally  related,  cultures.  Lastly,  and  most 
important  of  all  to  us,  we  see  here  man  under  the  spur  of  Necessity, 
the  relentless  goddess  of  evolution,  building  in  village  communities,  in 
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agriculture,  and  in  the  essential  industries  the  foundation  of  dyilizir 
tionSy  to  the  reaction  of  which  upon  cultures  evolYed  in  the  oases  of  the 
Sahara,  and  on  the  Nile,  and  in  Mesopotamia  we  owe  the  framework  of 
modem  Western  civilization. 
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Session  op  Wednesday,  December  27 

The  Society  was  called  to  order  by  the  President,  Raphael  Pumpelly, 
at  10.10  o'coek  a  m,  at  the  Normal  School,  where  all  the  eessions  were 
held  during  the  meeting  except  the  evening  session  of  this  day. 

By  vote  of  the  Society  the  address  of  welcome  and  response  were  post- 
poned to  the  afternoon. 


SECRETARY'S  REPORT  673 

The  report  of  the  Council  was  called  for,  and  was  presented  by  the' 
Secretary,  in  print,  as  follows : 

REPORT  OF  THE  COiyOIL 

To  the  Geological  Society  of  America, 

in  Eighteenth  Annual  Meeting  Assembled: 

The  stated  Annual  Meeting  of  the  Council  was  held  at  Philadelphia 
conjointly  with  the  meeting  of  the  Society.  It  has  been  unnecessary  to 
hold  any  special  meeting,  but  some  routine  business  has  been  done  by 
correspondence. 

The  following  reports  of  the  oflBcers  give  the  details  of  administration 
for  another  prosperous  year,  the  seventeenth,  in  the  histor}'  of  the  Society. 

Secbetaby's  RnosT 

To  the  Council  of  the  Geological  Society  of  America: 

Meetings. — The  record  of  the  Philadelphia  Winter  Meeting,  1904,  will 
be  found  in  the  closing  brochure  of  volume  16  of  the  Bulletin. 

The  adoption  of  the  constitutional  amendment  relating  to  summer 
meetings  gives  the  Council  and  Society  lil)erty  in  the  matter  of  summer 
meetings. 

Membership. — Since  the  last  publication  of  the  list  of  Fellows,  the 
names  of  two  Fellows  have  been  removed  by  death — George  H.  Eldridge 
and  Albert  A.  Wright.  The  naipes  of  15  new  Fellows  have  been  added  to 
the  list  and  one  removed  by  resignation.  This  makes  the  present  enroll- 
ment 271,  or  12  more  than  at  the  last  printing.  Sixteen  nominations  are 
now  before  the  Society  and  several  candidates  are  awaiting  action  by  the 
Council. 

Distribution  of  Bulletin. — At  this  date  446  pages  of  volume  16  have 
been  distributed  and  the  remaining  brochures  are  approaching  completion. 
The  irregular  distribution  of  the  Bulletin  during  the  past  year  has  been 
as  follows:  Complete  volumes  sold  to  the  public,  33;  sold  to  Fellows,  25. 
Hrochures  sent  to  supply  deficiencies,  38 ;  sold  to  the  public,  34 ;  sold  to 
Fellows,  22.  One  copy  of  volume  15  has  been  donated  and  3  copies  bound 
for  use  of  the  officers  and  the  Library.  One  complete  set  of  the  Bulletin 
volumes  has  been  sold  to  a  library  and  one  set  to  a  Fellow. 

Bulletin  Sales. — Receipts  from  the  sale  of  the  Bulletin  during  the  past 
vear  appear  in  the  f  oUowing  table : 
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Receipts  from  Sale  of  BuUelin,  December  2, 1904,  to  December  /,  1905 


Complete  volumes. 

Brochures. 

Grand 

Public. 

Fellows. 

Total. 

Public. 

Fellowa 

Total. 

•  total 

Volume  1 . . 

110  00 

500 

500 

500 

500 

5  00 

500 

5  00 

5  00 

500 

15  00 

19  95 

10  00 

50  00 

210  00 

195  00 

15  00 

$9  00 
9  00 
8  00 

7  00 

8  00 
12  00 

400 
400 
4  00 
400 
4  50 
4  00 
4  50 
4  50 
4  50 

$19  00 
14  00 
13  00 

12  00 

13  00 
17  00 

900 
9  00 
9  00 
9  00 
19  50 
23  95 

14  50 
54  50 

214  50 
195  00 

15  00 

$0  65 

$0  65 
50 

2  45 
80 

1  45 

1  00 

1  72 

65 

95 

20 

3  50 
1  20 

12  60 

5  45 

9  65 

65 

$19  65 

Volume  2.. 
Volume  3. . 

$0  50 

2  45 

80 

1  45 

1  00 

1  00 

25 

45 

14  50 

15  4o 

Volume  4. . 

12  80 

Volume  5. . 

14  45 

Volume  6.. 
Volume  7.. 
Volume  8.. 
Volume  9.. 
Volume  10. . 

72 

40 
50 
20 
45 

1  20 
4  10 

2  75 

3  00 

18  00 

10  72 

9  65 

995 

920 

Volume  11.. 
Volume  12.. 
Volume  13.. 
Volume  14.. 
Volume  15.. 
Volume  16. . 

305 

8*50* 

2  70 

6  65 

65 

23  00 
25  15 
27  10 
59  95 
224  15 
195  65 

Volume  17.. 

15  00 

Index 

$569  95 
4  50 

$91  00 
2  25 

$660  95 
6  75 

$29  45 

$13  97 

$43  42 

$704  37 
6  75 

$574  45 

$93  25 

$667  70 

$29  45 

$13  97 

$43  42 

$711  12 

Receipts  tor  the  tiacai  year        $711  12 

Previous  receipts,  to  December  1, 1904. . , 8,154  97 

Total  receipts  to  date $8,866  09 

Chaiiged  and  uncollected 29  10 

Total  Bulletin  sales  to  date $8395  19 

The  bills  for  volume  16  to  regular  subscribers  have  not  been  sent,  and 
the  above  table  includes  for  this  volume  only  the  payments  in  advance. 

Exchanges, — ^The  exchange  list  includes  one  more  address  than  last 
year,  three  being  added,  two  dropped,  and  one  transfer  made.  The 
revised  list  will  be  found  in  the  closing  pages  of  volume  16. 

Expenses. — The  following  table  gives  the  cost  of  administration  and  of 
Bulletin  distribution  from  the  Secretary's  oflSce  during  the  past  year: 

KXPBNDITaaB  OF  SlfiCKBTARY*8  OFPICB    DURING   THB   FISCAL  YBAR   BNDINQ    NOVBMBKB 

30,  1905 

Account  of  Administration 

Postage  and  telegrams $29  76 

Expressajre 5  13 

Printing  (including  stationery) 110  74 

Totol .  $145  63 
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A  ceount  of  BtdUtin 

Postage $130  10 

EzpresBage  and  freight 66  87 

Wrapping  material 60 

Addressograph  links 56 

Binding  three  copies  volnme  15 3  00 

Bulletin  advertising*  Moore's  catalogue 15  00 

Collection  of  checks 3  30 

Total 219  33 

Total  expenses  for  the  year. . .   $364  96 

Respectfully  submitted. 

H.  L.  Fairchild, 

Secretary. 
Rochester,  N.  Y.,  December  10,  1905. 

Tbeasubeb's  Repobt 

To  the  Council  of  the  Geological  Society  of  America: 

The  Treasurer  herewith  submits  his  annual  report  for  the  year  ending 
December  1,  1905. 

Four  (4)  Fellows  were  liable  to  be  dropped  from  the  roll  for  non-pay- 
ruent  of  dues,  in  accordance  with  section  3,  chapter  1 ;  five  (5)  were  delin- 
quent for  two  years,  while  thirty-one  (31)  were  still  delinquent  for  this 
year  on  December  1,  1905.  Since  December  1  five  (5)  of  them  have 
paid,  leaving  only  twenty-six  (26)  delinquent  for  1905,  and  only  two 
Fellows  liable  to  be  dropped  at  the  present  date  (December  15). 

Seven  (7)  Fellows — J.  A.  Bo^Tiocker,  R.  W.  Brock,  M.  S.  W.  Jefferson, 
B.  Ij.  Miller,  A.  H.  Purdue,  S.  Shedd,  and  Lewis  G.  Westgate — ^have  en- 
rolled for  life  by  the  payment  of  the  one-himdred-doUar  fee,  thus  increas- 
ing the  total  number  of  Life  Commutations  to  seventy-five  (75)  to  date. 

The  Permanent  Publication  Fund  (only  the  interest  of  which  can  be 
used  for  current  expenses  of  publication)  has  been  increased  during  the 
vMF  from  $8,300  to  $9,300  by  the  purchase  of  10  more  shares  of  stock 
in  the  Ontario  Apartment  House  Company  of  Washington,  D.  C.  This 
purchase  was  made  upon  the  advice  of  the  Treasurer  and  Doctor  Em- 
mons, two  of  the  three  members  of  the  Finance  Committee,  since  Doctor 
Walcott,  the  president  of  the  Ontario  Company,  declined  to  advise  the 
committee.  The  Treasurer  has  no  doubt  that  the  investment  is  a  safe 
one,  and  that  it  will,  like  the  other  investments  of  the  Society  in  this  class 
of  securities,  continue  to  yield  a  6  per  cent  annual  dividend. 

The  item  of  annual  interest  from  these  investments  ($448),  together 
with  the  interest  on  monthly  balances  ($65.64),  received  on  account  of 
deposits  in  the  Rochester  Security  Trust  Company,  thus  continues  to  grow 
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and  practically  offset  the  loss  in  fees  from  deaths  and  resignations,  so 
that  the  financial  affairs  of  the  Society  are  in  a  satisfactory  condition, 
as  may  be  seen  from  the  receipts  and  disbursements  for  the  past  year 
exhibited  by  the  tabidar  statement  on  the  preceding  page. 

The  securities  now  owned  by  the  Society  (all  of  which  are  deposited 
in  the  fire  and  burglar  proof  vaults  of  the  Bank  of  the  Monongahela 
Valley  at  Morgantown,  West  Virginia)  are  as  follows: 

On  Accouyit  of  Publication  Fund 

March  17  and  25,  1898,  two  Texas  and  Pacific  Railroad  first  mortga{(e  6  per 
cent  bonds,  cost  $1,976.25 $2,000 

February  6,  1901,  10  share:^  of  the  capital  8to<;k  of  the  Iowa  Apartment 

House  Company,  Washington,  D.C.,  cost  $1,000 1,000 

April  1,  1903,  20  shares  of  the  capital  stock  of  the  Ontario  Apartment 

House  Company.  Washington,  1).  C.  cost  $2,000 2,000 

May  5  and  Septeml>er  27,  1895,  3  first  mortgage  6  per  cent  bonds  of  the 

Kingwood,  Tunnel  ton  and  Fairnhanre  railroad,  cost  $304 300 

April  11,  1904,  3  second  mortgage  5  per  cent  bonds,  Unite<i  States  Steel  Cor- 
poration, co8t$2,3«6.25 3,000 

May  12, 1905, 10  shares  of  the  C4ipital  stock  of  the  Ontario  Apartment  Hoase 

Company,  Washington,  1).  C,  cost  $1,000 1,000 

Total  cost,  $8,646.50;  total  par  value $9,300 

Texas  and  Pacific  and 
Exchange  at  123  and  96 

Respectfully  submitted. 

I.  C.  White, 
Morgantown,  W.  Va.,  Treasurer. 

December  15,  1905. 

Editor's  Report 

To  the  Council  of  the  Geological  Society  of  America: 

The  Editor  regrets  to  have  to  report  again  inability  to  close  the  annual 
volume  before  the  Winter  Meeting,  owing  to  the  tardiness  of  members  in 
handing  in  their  papers.  The  last  galleys,  and  even  the  illustrations  of 
one  paper,  were  not  in  the  Editor's  hands  before  the  middle  of  December. 
At  this  writing  all  papers  are  in  pages,  the  last  page  being  670.  The 
Proceedings  Brochure,  now  in  galleys,  will  add  something  over  100  pages. 
From  this  it  will  be  seen  that  volume  17  will  probably  be  the  largest  ever 
issued  by  the  Society.  It  is  copiously  illustrated  with  over  80  half-tone 
plates  and  many  text  figures. 

The  Bulletin  is  certainly  appreciated  by  the  members  as  a  medium  of 
publication,  the  demand  for  space  in  its  pages  steadily  growing  as  time 
^oeson. 

The  foregoing  was  the  Editor's  report  to  the  Council  on  December  20, 
1906.     It  has  seemed  to  him  wise  to  append  the  facts  concerning  volume 


The  Texas  and  Pacific  and  United  States  Steel  bonds  are  quoted  on  the  New 
York  Exchanf^e  at  123  and  96},  respectively,  at  the  date  of  this  report. 
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17  as  well  as  volume  16^  and  thus  bring  the  statistical  information  down 
to  date,  rather  than  to  wait  for  another  year  to  pass. 

In  text  volume  17  is  the  largest  ever  published  by  the  Society.  It 
will  be  seen  from  the  data  given  below  that  its  cost  is  proportionately 
large.     It  contains  785  pages,  84  plates,  and  96  text  figures. 


Average. 
Vol8.l-10. 

Vol.  11. 

Vol.  12. 

Vol.  13. 

Vol.  14. 

Vol.  16. 

pp.636, 
pis.  59. 

Vol.  16. 

Vol.  17. 

pp.  644. 
pis.  26. 

pp.  651. 
pk  58. 

pp.538. 
pU.  45. 

pp.  6a3. 
pis.  68. 

pp.609, 
pis.  6F>. 

pp.6S6 
pis.   94 

pp.  IKS 

pis.e4 

Letter-presH 

IllustrationH 

$1,4i;5  14 
200  40 

Sl,8U  5b 
373  68 

$1,445  73 
414  80 

$1,647  12 
477  27 

$1,667  50 
431  21 

$1,661  21 
457  76 

$1,817  08 
706  97 

f2,or.« 

6i*.6* 

Sl,«65  64 

$2,189  24 

$1,860  63 

$2,124  39 

$2,088  71 

$2,118  97 

$2,.'i24  00 

|8.6»«.« 

Average  per  page 

$ii  £A 

$3  30 

$3  46 

$3  64 

$3  43 

$3  33 

$3  96 

$J.:«T 

Attention  is  called  to  the  fact  that  in  presenting  the  analyses  of  the 
contents  of  volumes  a  change  has  been  made  in  the  divisions  of  the 
subject-matter.  It  is  believed  that  the  new  classification  will  be  found 
more  satisfactory  than  the  one  previously  used.  The  analyses  now  in- 
clude volumes  1  to  6,  thus  making  the  entire  series  complete. 
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Respectfully  submitted. 
New  York,  March  15,  1907. 


Joseph  Stanley-Brown, 

Editor. 
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Librabiak's  Rkpobt 

To  the  Council  of  the  Geological  Society  of  America: 

The  acceseioDB  to  the  library  received  during  the  past  twelvemonth 
have  been  duly  catalogued  and  acknowledged  and  the  list  of  accessions 
up  to  July  1,  1905,  prepared  and  forwarded  to  the  Secretary  for  incor- 
poration in  volume  16  of  the  Bulletin. 

The  library  now  contains  some  2,800  numbers,  which  is  an  average  of 
about  200  numbers  annually  since  library  material  first  commenced  to 
accumulate.  At  present  the  increase  is  slightly  in  excess  of  that  figure, 
owing  mainly  to  an  increase  in  the  number  of  contributing  exchanges. 
The  amount  of  material  donated  by  Fellows  shows  a  steady  annual  de- 
crease. If  it  is  desirable  that  the  library  should  contain  a  full  representa- 
tion of  the  writings  of  its  members,  then  it  should  be  stated  that  at  the 
present  time  it  falls  far  short  of  so  doing,  and  in  increasing  annual 
amount. 

It  has  never  been  feasible  for  the  Society  to  exchange  publications  with 
state  surveys,  but  it  was  thought  that  the  officials  of  such  surveys  who  are 
Fellows  of  the  Society  would  see  to  it  that  sets  of  their  publications  reach 
the  library  shelves.  They  do  so,  but  in  diminishing  number.  The  Libra- 
rian does  not  understand  it  to  be  part  of  his  duties  to  solicit  gifts  to  the 
library;  but  he  wishes  to  call  attention  to  the  fact  that  only  a  small  per- 
centage of  the  annual  output  of  state  survey  reports  reach  the  library. 

The  expenses  of  this  office  for  the  past  year  are  as  follows : 

To  postage $1  76 

To  express  charges 60 

To  clerk  hire 6  00 

$8  26 

Respectfully  submitted. 

H.  P.  Gushing, 
Cleveland,  Ohio,  December  1, 1905,  Librarian. 

On  motion  of  the  Secretary,  it  was  voted  to  defer  the  consideration  of 
the  Council  report  until  the  following  day. 

As  the  Auditing  Committee  to  examine  the  accoimts  of  the  Treasurer, 
the  Society  elected  W.  H.  Sherzer  and  F.  D.  Adams. 

BLECTJOX   OF    OFFICERS 

The  result  of  the  balloting  for  officers  for  1906,  as  canvassed  by  the 
Council,  was  announced  by  the  President,  and  officers  were  declareti 
elected  as  follows : 
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President: 
I.  C.  Russell,  Ann  Arl}or,  Mich. 

First  Vive-President: 
W.  M.  Davis.  Cambridge,  Mass. 

Second  Vice-President : 
E.  A.  Smith,  University,  Ala. 

Secretary: 
H.  L.  Faiuchild,  Rochester,  X.  Y. 

Treasurer: 
I.  C.  White,  i^rorgantown,  W.  Va. 

Editor: 
J.  Stanlky-Brown.  Cold  Spring  Harbor,  Long  Island. 

Librarian: 
H.  P.  CusHiNG,  Cleveland,  Ohio. 

Councillors: 

A.  C.  IjANE,  Lansing,  Mich. 

David  White,  Washington,  D.  C. 

ELECTION  OF  FELLOWS 

The  Secretary  announced  that  the  candidates  for  fellowship  had  ix'- 
ceived  a  nearly  unanimous  vote  of  the  transmitted  ballots,  and  tlwl 
Fellows  were  elected  as  follows: 

Sydney  IIobabt  Balu  A.  B.,  WnHbiugton,  D.  C.     AsKistaut  G«>oio^iHt,  l*.  ft?. 

(Teologicul  Survey. 
John  Makon  Boutwkli^  A.  B.,  S.  B..  M.  S.,  Waslilugton.  D.  V.     Gt*oloi;iiit  T.  S. 

(Yeolu);ical  Survey. 
Amos  Teaslee  Bbown,  B.  S.,  E.  M.,  Pli.  !>..  Philadelphia,  Pa.     Profwtfor  of 

Mineralogy  and  Geology,  University  of  I'ennsylvnnla. 
Frederick  G.  Clapp,  S.  B..  Washington,  D.  C.    Geologic  Aid,  U.  S.  Geological 

Survey. 
Herdman  Fitzgerald  Cleland,  A.  B.,  Ph.  D.,  Willlamstown,  Mass.    Profej*!*or 

of  Geology,  Williams  College. 
Reginald  Aldworth  Daly,  A.  B.,  A.  M..  Ph.  D.,  Ottawa,  Canada.     Geologist  for 

Canada  on  the  International  Boundary  Commission. 
Edwin  Clarence  Eckel,  B.  S.,  C.  E.,  Washington,  D.  C.    Assistant  Geologist 

U.  S.  Geological  Survey. 
Edward  Martin  Kindle,  A.  B..  M.  S.,  Ph.  D.,  Washington,  D.  C.    Assistant  Geol- 
ogist, U.  S.  Geological  Survey. 
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JoHi^  DuEB  Ibvino,  a.  B.,  a.  M..  Ph.  D.,  South  Bethlehem,  Pa.  Assistant  Pro- 
fessor of  Geology,  Lehigh  University ;  Assistant  Geologist,  U.  S.  Geological 
Survey. 

AiSEBT  Peteb  Low,  B.  S.,  Ottawa,  Canada.  Geologist,  Geological  Survey  of 
Canada. 

Rudolph  Ritedemann,  Ph.  D.,  State  Hall,  Albany,  N.  Y.  Assistant  State 
Paleontologist 

Elias  Howard  Sellards,  B.  A.,  M.  S.,  Ph.  D.,  Lake  City,  Florida.  Professor  of 
Geology,  etc.,  in  University  of  Florida. 

Frank  Alonzo  Wilder,  A.  B.,  Ph.  D.,  Iowa  City,  Iowa.  Professor  of  Economic 
Geology  and  Mineralogy,  University  of  Iowa,  and  State  Geologist. 

Ira  Abraham  Williams,  B.  Sc,  M.  Sc,  A.  M.,  Ames,  Iowa.  Teacher,  Iowa 
State  College. 

Joseph  EDMX7in>  Woodman,  S.  B.,  A.  M.,  S.  D.,  Halifax,  N.  S.  Assistant  Pro- 
fessor of  Geology  and  Mineralogy,  Dalhousle  University. 

Gboboe  Albert  Young,  B.  A.  Sq.,  M.  Sc.,  Ph.  D.,  Ottawa,  Canada.  Geologist, 
Creological  Survey  of  Canada. 

AMENDMEyr  TO   COySTJTUTION 

The  Secretary  announced  that  the  transmitted  ballots  on  the  proposed 
changes  in  Article  VI  of  the  Constitution,  as  canvassed  by  the  Council, 
showed  an  aflSrmative  vote  in  excess  of  three-fourths  of  the  total  member- 
ship of  the  Society,  and  were  therefore  adopted  as  follows : 

Change  Article  VI,  Meethigs,  section  I,  by  dropping  the  matter  in  italics  in 
the  following  quotation : 

I.  "The  Society  shall  hold  at  least  itco  stated  meetings  a  year — a  summer 
meeting  at  the  same  locality  and  during  the  same  week  as  the  annual  meeting 
of  the  American  Association  for  the  Advancement  of  Science — and  a  winter 
Meeting,  The  date  and  place  of  the  winter  meeting  shall  be  fixed  by  the  Coun- 
Hl.  and  announced  hy  circular  each  year  within  a  montli  after  the  adjournment 
of  the  summer  meeting."    .    .    . 

And  by  making  insertions  so  that  the  section  shall  read  as  follows : 

I.  The  Society  shall  hold  at  least  one  stated  meeting  a  year,  in  the  winter 
Keason.  The  date  and  place  of  the  winter  meeting  shall  l)e  fixed  by  the  Council, 
and  announced  each  year  within  three  months  after  the  adjoui*nment  of  the 
preceding  winter  meeting. 

The  President  called  for  the  necrology,  and  memoirs  of  deceased  Fel- 
lows were  presented  as  follows : 

MEMOIR  OF  QEORQE  H.  ELDRIDQE* 
BY  WHITMAN  CROSS 

In  the  death  of  George  Homans  Eldridge,  which  occurred  on  June  29, 
1906,  at  Washington,  D.  C,  American  geology  lost  one  of  its  most  enthu- 

^  This  memoir  was  not  read,  on  account  of  the  author's  absence,  but  is  here  inserted  in 
Its  proper  place. 
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Biastic  and  devoted  workers.  Those  who  were  fortunate  enough  to  know 
him  mourn  his  untimely  end,  both  because  of  the  promise,  which  can  not 
now  be  fulfilled,  of  further  important  contributions  to  knowledge  and  of 
the  loss  of  a  friend  of  singularly  attractive  and  lovable  personality. 
Eldridge  possessed  many  traits  worthy  of  all  admiration,  and  it  is  befit- 
ting to  place  in  the  records  of  this  Society  a  tribute  to  his  memory,  both 
as  a  geologist  and  as  a  man. 

The  subject  of  this  sketch  was  bom  in  Yarmouth,  Massachusetts, 
December  25,  1854,  the  son  of  EUery  and  Sarah  (Matthews)  Eldridge. 
His  early  education  was  first  in  the  public  schools  of  Yarmouth  and  later 
in  the  Boston  Latin  School,  whence  he  went  to  Harvard  University,  grad- 
uating in  the  class  of  1876. 

There  is  nothing  in  the  statements  I  have  seen  concerning  Eldridge's 
boyhood  to  indicate  a  special  predilection  for  scientific  studies;  but  it  is 
of  record  that  he  was  greatly  interested  in  the  military  training  given  to 
the  Latin  School  pupils,  and  he  rose  from  the  ranks  of  the  cadets  to 
become  lieutenant  colonel  at  graduation.  This  love  of  the  military  work 
and  discipline  led  him  to  organize  a  company  of  Harvard  students,  of 
which  he  became  captain.  There  can  be  no  question  in  the  minds  of  all 
who  have  known  Eldridge's  energy  and  persistence  that  the  boys  under  his 
command  got  a  good  insight  into  the  meaning  of  military  discipline,  and 
that  they  received  a  training  that  was  good  for  them. 

Not  long  after  graduation  from  Harvard  the  estate  left  by  Eldridge's 
father  became  much  involved,  through  no  fault  of  his,  and  he  resorted  to 
teaching  as  a  means  of  support.  He  was  first  located  at  Mount  Vernon. 
New  Hampshire  (1876-1877),  and  for  two  years  (1877-1879)  at  Xahant, 
Massachusetts,  as  principal  of  the  High  school.  While  at  Nahant  he 
passed  examinations  qualifying  him  to  teach  in  the  Boston  Latin  and 
other  high  grade  schools  of  the  Boston  system,  but  at  this  point  circum- 
stances transpired  which  turned  him  to  his  life  work  in  geology. 

While  it  does  not  appear  that  Eldridge  had  specialized  in  geology  in 
his  university  studies,  he  had  availed  himself  of  the  opportunity  afforded 
by  the  summer  school  of  geology  conducted  by  Professor  Shaler  at  Cum- 
berland Gap,  Kentucky,  in  connection  with  the  State  Geological  Survey. 
Eldridge  was  a  member  of  that  school,  both  in  1875  and  1876.  A  general 
fondness  for  natural  science  may  be  inferred  from  the  courses  of  public 
lectures  given  at  Nahant,  and  that  the  trend  of  his  interest  had  been 
turned  toward  geology  is  shown  by  the  fact  that,  while  teaching  at 
Nahant,  Eldridge  was  taking  private  instruction  in  geology  from  Pro- 
fessor Shaler. 
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The  opportunity  to  take  up  the  profession  of  geologist  came  through 
the  demand  for  young  men  to  study  the  mining  industry  of  the  country 
in  connection  with  the  Tenth  Census.  That  undertaking  was  placed  in 
charge  of  the  newly  formed  U.  S.  Geological  Survey,  and  the  study  of 
the  iron  and  coal  industries  was  assigned  to  Professor  Baphael  Pumpelly. 
He  applied  to  Professor  Shaler  to  recommend  assistants.  Eldridge  was 
one  of  those  chosen^  and  in  the  sununer  of  1879  he  entered  upon  that 
work.  He  was  assigned  to  study  the  deposits  of  the  baser  metals  in  the 
southern  Appalachian  region  and  also  the  coal  fields  of  northern  Montana. 
The  results  of  this  work  were  published  in  the  Census  report,  as  cited  in 
the  appended  bibliography  (1,  2). 

About  the  time  that  the  Census  work  was  completed  the  Northern 
Transcontinental  Survey  was  organized  to  examine  the  mineral  resources 
along  the  route  of  the  Northern  Pacific  railroad.  This  survey  was  placed 
in  charge  of  Professor  Pumpelly,  and  Eldridge  was  naturally  one  of  the 
first  to  be  employed.  He  was  engaged  in  this  work  for  abotit  four  years, 
studying  especially  the  coal  fields  of  Dakota  and  Montana.  Owing  to  the 
abandonment  of  the  Survey  in  1884,  much  of  Eldridge's  scientific  work 
of  this  period  never  came  to  publication.  The  discussion  of  Montana 
coal  fields  in  the  reports  of  the  Tenth  Census  embodied  much  of  this 
information. 

From  the  summer  of  1884  until  his  death  Eldridge  was  connected  with 
the  U.  S.  Geological  Survey.  For  the  first  six  years  of  this  period  his 
field  of  work  was  in  Colorado,  as  assistant  to  S.  F.  Emmons.  It  was  as 
his  colleague  during  these  happy  years  that  the  writer  of  this  sketch  came 
to  know  Eldridge  and  to  love  him  for  his  many  noble  and  attractive  traits 
of  character. 

The  principal  results  of  Eldridge's  Colorado  work,  under  Mr  Emmons, 
appear  in  the  Anthracite-Crested  Butte  folio  (10) ;  in  the  monograph  on 
the  Geology  of  the  Denver  basin  (15),  and  in  a  sketch  of  the  complex 
stratigraphy  and  structure  of  the  foothill  belt  about  Golden  (6). 

The  study  of  the  Cretaceous  in  Colorado  and  Montana  led  Eldridge 
to  propose  the  union  of  the  Fort  Pierre  and  Fox  Hills  as  the  Montana 
formation  or  group  (6). 

In  1890  Eldridge  investigated  the  first  productive  oil  field  of  the  west- 
em  Cretaceous  at  Florence,  in  Colorado,  and  wrote  an  account  which  has 
served  to  direct  the  work  of  development  in  that  interesting  field  (7). 

In  1891  Eldridge  was  given  independent  work,  and  his  first  assignment 
was  to  the  investigation  of  the  phosphate  deposits  of  Florida.  That  this 
study  was  never  completed  was  not  the  fault  of  the  geologist;  the  exi- 
gencies of  Survey  work  led  to  his  repeated  assignment  to  investigations 
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deemed  of  more  urgent  importance.  With  each  postponement  of  this 
study  the  amount  of  development  in  the  phosphate  area  increased  greatly, 
so  that  the  field  work  was  never  completed.  In  fact,  the  last  visit  to  the 
Florida  phosphate  diggings  was  made  by  Eldridge  only  a  few  months 
before  his  death.  A  preliminary  report  was  published  in  1893,  giving  a 
summary  of  his  observations  to  that  time  (8). 

The  great  energy  and  endurance  possessed  by  Eldridge,  as  well  as  his 
ability  to  grasp  the  broad  features  of  geology  in  a  new  country,  led  to 
several  assignments  in  reconnaissance  work.  In  the  seasons  of  1893  and 
1894  he  was  engaged  in  surveys  of  this  character  in  northwestern  Wyo- 
ming and  northeastern  Idaho.  Two  valuable  reports  were  the  results  of 
this  work  (11  and  12). 

Again,  in  1898,  with  the  beginning  of  Alaskan  exploration  by  the  Creo- 
logical  Survey,  Eldridge  was  called  on  for  genuine  reconnaissance  work. 
He  was  placed  in  charge  of  the  work  of  several  parties,  and  himself  con- 
ducted one  of  them  through  a  wild  and  quite  unknown  territory  north  of 
Cooks  inlet,  within  which  is  Mount  McKinley,  the  highest  point  in  Xorth 
America.  It  is  believed  by  his  friends  that  the  exposure  and  strenuous 
exertions  of  this  season's  work  seriously  impaired  Eldridge's  vitality.  It 
was  too  much  for  a  man  of  44  years  to  undergo  without  lasting  injur}*. 
His  reports  appear  in  the  Survey  publications  cited  in  the  bibliographic 
list  (16  and  17). 

In  the  summer  of  1899  Eldridge  was  assigned  to  the  comprehensive 
study  of  the  asphalt  and  bituminous  rock  deposits  of  the  country.  His 
investigations  were  carried  on  in  many  states  and  concerned  deposits  of 
various  characters.  The  field  work  occupied  more  than  a  year's  time  and 
the  report  is  really  a  monographic  discussion  of  a  class  of  deposits  which 
had  previously  received  scarcely  any  attention.  This  is  probably  the 
most  important  single  contribution  to  science  made  by  Eldridge  (18). 

Soon  after  the  completion  of  the  asphalt  report  the  investigation  of 
important  oil  fields  in  southern  California,  in  a  region  of  much  structural 
complexity,  became  a  matter  of  great  interest,  and  it  was  entrusted  to 
Eldridge.  After  a  vast  amount  of  labor,  which  was  rendered  doubly 
difficult  by  the  rapid  development  of  the  oil  fields,  he  had  nearly  com- 
pleted his  report  on  some  important  sections  of  the  district  when  attacked 
by  his  last  illness.  It  is  to  be  hoped  that  some  part  of  the  material  may 
appear  under  the  name  of  the  man  whose  career  has  unhappily  been  cut 
short  before  he  could  complete  his  work.  A  preliminary  statement  con- 
cerning the  field  was  issued  in  1903  (21). 

The  last  fruit  of  Eldridge's  wide  experience  was  dictated  from  his  bed 
of  suffering  not  long  before  the  end.    It  was  a  summaiy  of  his  views 
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regarding  the  origin  of  vein  asphalt,  one  of  the  singular  phenomena  in- 
vestigated some  few  years  ago  (22). 

The  illness  which  terminated  this  career,  with  its  promise  of  still 
higher  achievements,  seems  to  have  begun  in  the  autunm  of  1904.  After 
several  months  of  uncertainty  as  to  its  nature,  it  became  evident  that  an 
operation  was  necessar}'  to  remove  an  internal  growth  of  problematic 
character.  The  relief  afforded  by  the  operation  was  not  lasting,  and  with 
the  renewal  of  the  sarcomatous  growth  the  end  was  inevitable.  Almost 
to  the  last  the  patient  exhibited  his  customary  cheery  courage  and  had 
faith  in  his  ultimate  recovery. 

The  scientific  work  accomplished  by  Eldridge  was  of  the  highest  order 
in  many  respects.  He  was  not  much  given  to  theorizing,  choosing  to  stick 
close  to  the  firm  ground  of  established  fact.  His  investigations  were 
characterized  by  thoroughness  and  by  infinite  patience  in  the  accumula- 
tion of  facts  bearing  on  his  problem.  His  aim  seemed  to  be  to  exhaust 
the  subject  so  far  as  time  and  conditions  would  permit.  To  ascertain 
and  make  known  the  exact  truth  was  his  ambition.  As  a  result  of  fidelity 
to  this  high  ideal,  he  gathered  a  vast  store  of  information  in  each  of  his 
more  important  investigations,  and  in  that  it  was  not  granted  him  to 
utilize  a  great  part  of  this  knowledge  to  the  full,  in  mature  and  well  con- 
sidered discussion,  must  be  a  source  of  keen  and  lasting  regret. 

While  an  adequate  tribute  to  the  estimable  personality  possessed  by 
Eldridge,  such  as  his  friends  may  desire  to  see  put  on  record,  is  perhaps 
not  in  place  in  this  publication,  this  sketch  would  be  far  from  satisfactory 
without  some  appreciative  notice  of  the  traits  which  endeared  our  friend 
to  all  who  were  privileged  to  know  him.  His  was  a  character  such  as  all 
admire,  and  to  know  the  possessor  was  to  love  him;  blessed  with  a  fine 
physique  and  great  strength,  Eldridge  seemed  always  in  high  spirits  and 
overflowing  with  good  cheer.  The  power  to  brighten  with  his  presence 
was  felt  by  all  with  whom  he  came  in  daily  contact,  and  among  all  ranks 
of  the  great  organization  to  which  he  belonged  his  death  caused  the  feel- 
ing of  personal  loss,  even  to  many  who  could  not  claim  direct  acquaint- 
ance. A  fund  of  anecdote  in  illustration  of  this  influence  for  good  might 
be  cited. 

For  many  years  physical  strength  and  great  power  of  endurance  stood 
Eldridge  in  good  stead  in  trying  circumstances.  Professor  Pumpelly 
tells  in  a  personal  letter  how,  during  his  work  for  the  Transcontinental 
Survey  in  Montana,  Eldridge  rose  from  his  bed  after  a  severe  attack  of 
typhoid  fever,  and,  in  spite  of  his  physician^s  orders,  proceeded  with  the 
task  assigned  him  to  find  and  explore  certain  coal  beds  in  an  undeveloped 
district.    It  was  early  winter  and  severe  snow-storms  had  driven  out  rail- 
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road  surveyors  and  others,  who  told  Eldridge  that  the  locality  he  sought 
to  reach  was  inaccessible;  but  he  continued  his  journey,  found  the  coal 
buried  under  heavy  snow-drifts,  opened  and  sampled  it,  and  returned  in 
safety.  In  the  writer's  own  experience  with  Eldridge  in  the  field,  there 
have  been  many  illustrations  of  his  phenomenal  endurance  and  grim 
determination — a  combination  of  qualities  making  it  a  hopeless  task  for 
one  of  average  powers  to  compete  with  him  in  many  undertakings.  When 
engaged  in  the  preparation  of  reports  Eldridge  has  been  known  to  work 
without  sleep  for  nearly  48  hours  and  seem  to  suffer  no  ill  effects. 

A  good  comrade  and  loyal  friend,  Eldridge  was  also  a  beautiful  exam- 
ple of  the  devoted  son.  His  aged  and  infirm  mother  found  with  him 
during  her  declining  years  a  home  of  many  comforts,  such  as  could  be 
supplied  only  by  cheerful  sacrifices.  Soon  after  the  death  of  his  mother 
Eldridge  was  married  to  Miss  Jessie  Xewlands,  of  San  Francisco,  who 
survives  him. 

Eldridge  was  a  man  of  much  modesty,  never  putting  himself  forward 
except  as  a  duty.  His  ideals  were  those  of  the  Christian  gentleman,  and 
hence  his  influence  for  good  was  always  felt  by  those  within  his  sphere  of 
life.  Many  will  join  in  the  tribute  of  his  old  instructor  and  friend,  the 
late  Professor  Shaler,  who  wrote  of  him : 

"He  will  remain  with  me  as  the  type  of  the  strong,  well-balanced  man; 
brave,  steadfast,  patient  In  his  duties,, ever  friendly  with  his  neighbor,  belpfal 
with  his  friends — I  feel  that  my  contacts  with  him  served  to  ennoble  my  life." 
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MEMOIR  OF  ALBERT  ALLEN  WRIOET 
BT  FBAITK  A.   WILDEB 

Albert  Allen  Wright,  a  Fellow  of  this  Society  since  1893,  died  at  Ober- 
lin,  Ohio,  on  April  2,  1905,  after  an  iUness  of  a  single  day.  While  his 
health  had  been  somewhat  impaired  for  some  time  before  his  death,  he 
was  not  greatly  hindered  in  his  activities  as  a  teacher  and  investigator  till 
the  day  before  his  death. 

UCII— Bull.  Qiol.  Boo.  Am.>  Vol.  17,  1G06 
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Professor  Wright  was  bom  at  Oberlin,  Ohio,  in  1846,  and  was  inti- 
mately identified  with  the  interests  of  that  community,  both  town  and 
college,  during  his  entire  lifetime.  He  was  graduated  at  Oberlin  in 
1866,  and,  as  a  number  of  scientists  have  done  whose  names  appear  on  the 
roll  of  Fellows  of  this  Society,  he  filled  out  his  studies  by  a  course  in 
theolog}\  A  degree  in  theology  was  given  him  by  Oberlin  in  1870,  after 
three  years  of  study  at  Union  and  Oberlin  seminaries.  After  two  years 
of  teaching,  he  entered  Columbia  School  of  Mines  and  was  graduated 
from  this  institution  in  1875.  In  later  years  his  education  was  broadened 
by  extended  travels  in  regions  of  geologic  interest  in  Europe  and  America. 

In  1874  Professor  Wright  was  married  to  Mary  Bedortha,  and  some 
time  after  her  death,  to  Mary  P.  B.  Hill,  in  1891.  A  daughter  from  his 
first  marriage  survives  him,  and  a  son  from  his  second. 

Before  he  had  completed  his  course  at  Columbia  he  was  called  to  the 
chair  of  geology  and  natural  history  in  Oberlin  College,  a  position  which 
he  held  for  30  years.  He  directed  the  development  of  the  work  in 
zoology  and  botany  till  separate  departments  were  formed  for  these 
sciences,  and  retained  for  himself  the  work  in  geology,  which  best  fitted 
his  taste  in  teaching  and  research.  All  of  the  departments  of  natural 
science  in  Oberlin,  however,  show  his  capacity  as  an  organizer  and  owe  to 
him  in  a  large  measure  tlieir  present  development. 

The  greater  part  of  his  energies  were  spent  in  the  class-room  and  labo- 
ratory, where  he  served  as  a  faithful  guide  to  hundreds  of  students,  many 
of  whom,  on  account  of  his  leadership,  devoted  themselves  in  later  life  to 
scientific  pursuits.  His  capacity  as  a  man  of  affairs  was  recognized  by 
the  community  in  which  he  lived,  and  it  looked  to  him  to  solve  its  prob- 
lems in  municipal  engineering,  or  at  least  to  suggest  the  lines  along  which 
solutions  might  be  hoped  for.  The  systems  of  city  water  supply  and 
sewerage  in  Oberlin  are  wholly  his  work.  After  a  thorough  study  of  local 
topography  and  drainage,  he  directed  the  installation  of  what  is  regarded 
in  Ohio  as  the  model  equipment  of  the  state.  He  secured  for  the  town 
perfect  sanitation  and  an  abundant  and  pure  supply  of  water  at  an  ex- 
pense far  below  that  estimated  by  capable  engineers. 

To  the  persistence  and  patience  of  Professor  Wright,  the  cooperative 
topographic  survey  now  being  made  in  Ohio  is  due.  At  first,  he  labored 
toward  this  end  almost  without  assistance.  When  President  of  the 
Ohio  Academy  of  Sciences  he  brought  the  matter  forward  in  an  address. 
Few  came  to  his  aid,  but  he  persisted  in  circulating  his  address,  in 
writing  letters,  and  in  speaking  on  the  subject  on  all  suitable  occasions. 
His  system  of  instruction  gradually  developed  a  demand  for  topographic 
work.     In  spite  of  his  untiring  efforts,  he  saw  his  measure  defeated  at 
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Columbus.  He  began  again,  however,  as  though  he  had  received  no 
rebuff,  and  in  the  end  his  perseverance  was  fully  rewarded.  His  efforts 
were  made,  not  as  an  officer  of  the  State  Geological  Survey,  but  as  a  pri- 
vate citizen,  eager  to  advance  a  cause  which  he  regarded  as  good.  His 
papers  urging  topographic  work  have  proved  helpful  in  presenting  the 
matter  of  topograpliic  mapping  to  the  legislatures  of  a  number  of  states. 

Professor  A.  A.  Wright  possessed  in  a  very  large  measure  the  scientific 
spirit.  He  was  careful  and  deliberate.  He  was  slow  in  forming  judg- 
ments, yet  persistent  in  accumulating  material  on  which  a  rational  judg- 
ment could  be  based.  With  such  a  temperament,  it  is  not  surprising  that 
his  contributions  to  the  science  to  which  he  was  devoted  are  of  the  highest 
order  in  quality.  They  might  have  been  notable  in  quantity  had  he  not 
sacrificed  any  desire  for  personal  distinction  to  the  welfare  of  the  college 
to  which  he  gave  such  a  full  measure  of  his  time.  His  more  important 
geological  work  has  to  do  largely  with  his  native  state.  In  1874  he  began 
field  work  on  the  lake  ridges  of  Lorain  county.  His  published  results 
were  valuable,  and  left  nothing  to  be  added  concerning  the  surface  feat- 
ures of  this  portion  of  Ohio.  In  1893  he  reported  on  the  ventral  armor 
of  Dinichthys  for  the  Ohio  Survey,  and,  aided  by  excellent  specimens 
secured  in  Lorain  county,  he  was  able  to  supplement  and  to  modify  in  a 
number  of  important  particulars  the  descriptions  of  Newberry.  His  re- 
ports of  certain  coal  beds  in  Ohio  and  on  drift  and  glaciation  in  New 
Jersey  are  represented  by  a  number  of  titles  in  geologic  magazines,  in  the 
bulletins  of  this  Society,  and  in  the  Proceedings  of  the  Ohio  Academy 
of  Sciences.  At  the  time  of  his  death  he  was  at  work  with  thin-sections 
of  bryozoans,  and  hoped  to  be  able  to  add  something  of  value  to  the  lim- 
ited literature  on  these  difficult  organisms. 

Professor  Hall,  a  colleague  of  Professor  Wright  for  years,  sums  up  his 
life  most  justly : 

"Outside  of  Oberlln,  he  might  have  made  a  much  larger  reputation  as  an 
earnest  investigator  and  sound  reasoner  upon  scientific  topics,  and  as  a  master 
of  an  unusually  clear  and  chaste  literary  style,  if  he  had  been  willing  to  take 
a  larger  place  in  the  scientific  assemblies  of  his  time.  He  might  have  written 
books  which  would  have  proved  helpful  to  the  thought  of  his  time,  especially 
as  bearing  on  the  interpretation  of  science.  As  a  teacher,  he  might  have 
attracted  larger  classes  and  might  have  made  a  superficial  impression  on  a 
larger  number  of  pupils,  if  he  had  cared  to  make  more  parade  of  hfs  learning. 
But  he  chose  to  do  his  work  quietly,  with  no  desire  to  do  anything  that  should 
dazzle,  but  with  a  fixed  purpose  to  do  everything  in  the  most  thorough  and 
faultless  manner.  The  true  scientific  spirit  mastered  him  as  it  has  mastered 
few  minds  in  his  generation,  and,  slender  as  might  seem  his  technical  training, 
it  made  it  impossible  for  him  to  approach  any  topic  without  the  most  pains- 
taking and  careful  investigation,  seemingly  without  the  least  prejudice  as  to 
the  outcome  of  his  research." 


690  PBOCEEDIKGS  OF  TH£  OTTAWA  MEBTIKO 

It  is  not  strange,  therefore,  that  his  life  proves  a  constant  light  to  the 
considerable  number  of  his  students  who  have  chosen  for  their  life  work 
some  form  of  scientific  pursuit. 
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Following  the  reading  of  the  memoirs  the  Secretary  presented  letters 
from  several  Fellows  who  were  unable  to  attend  the  meeting,  but  had  8ent 
their  greeting;  and  Mr  H.  M.  Ami,  chairman  of  the  local  committee  of 
arrangements,  made  announcements  relating  to  the  evening  sessions  and 
the  social  functions. 
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The  President  declared  the  scientific  program  in  order.  The  first 
paper  presented  was  the  following : 

CHEMICAL  EVOLUTION  OF  THE  OCEAN 
BY  ALFRED  C.   lANE 

[Ahstract] 

If  there  Is  any  value  In  the  numerous  attempts,  by  Joly  and  others,  to  esti- 
mate the  age  of  the  earth  from  the  accumulation  of  some  salt  in  the  ocean, 
there  must  have  been  a  progressive  change  in  the  chemical  character  of  the 
ocean,  which  might  possibly  be  detected  in  comparing  the  waters  buried  in 
undisturbed  sediments  of  various  ages. 

The  paper  applies  this  test  to  the  deepest  waters  known  from  various  geo- 
logical horizons  in  the  Lower  Michigan  and  Lake  Superior  basins.  Both  basins 
are  as  permanent  and  free  from  recent  igneous  disturbance  or  faulting  or 
Inverted  siphon  circulation,  etcetera,  as  are  readily  found. 

The  proportions  of  many  ions  are  likely  to  be  changed  by  reactions  after 
burial.  The  ratio  of  chlorine  to  sodium  seems  to  be  among  those  least  change- 
able, thus:  This  ratio  is  in  sea  water  25,440  (trillion  tons)  to  14,151  (trillion 
tons) =1.77,  while  in  the  river  waters  delivered  each  year  it  is  84  (million  tons) 
to  157  (million  tons).  Whence,  unless  there  *s  some  large  source  of  chlorine 
apart  from  sodium  or  precipitation  of  sodium  apart  from  chlorine^  n  years  ago  the 
ratio  must  have  been  about  R=  (25,440— .000,084n)/(  14,151— .0(X),157n).  For 
instance,  we  have  from  the  Upper  Subcarboniferous  of  Big  Rapids  R  =  2.14, 
n  =  20  million  years ;  similarly  from  the  Berea  grit  at  Bay  City  45  million  years ; 
from  the  meso-Devonian  at  Alma  49  million  years;  from  the  Silurian  at 
Manistee  66  million  years;  from  the  Upper  Keweenawan  at  Freda  72  million 
years ;  from  the  Tamarack  mine.  Lower  Keweenawan,  89  million  years.  These 
figures  suggest  some  agreement  with  the  hypothesis,  but  a  more  careful  exami- 
nation reveals  serious  difficulties,  as  is  more  fully  presented  in  the  paper. 

The  paper  was  discussed  by  J.  P.  Kemp,  A.  P.  Coleman,  and  the 
author. 

The  second  paper  was 

DIKE   OF  MICA-PERIDOTITE   FROM   FAYETTE    COUNTY,   SOUTHWESTERN 

PENNSYLVANIA 

BT  J.  F.   KEMP 

[Abstract] 

The  dike  occurs  on  the  surface  and  In  the  coal  mines  on  Middle  run,  a  tribu- 
tary of  the  Monongahela,  in  the  Masontown  quadrangle.  It  cuts  the  Carbon- 
iferous to  and  above  the  Waynesburg  coal  seam  and  reveals  eruptive  rocks  in  a 
hitherto  unsuspected  region.  The  petrographic  details  were  briefly  given  and 
comparisons  were  made  with  other  similar  occurrences.  The  full  paper  will 
be  published  elsewhere. 

The  author  replied  to  questions  by  A.  C.  Lane. 
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The  last  paper  of  the  morning  session  was 

SAPPHIRE;  ITS  OCCURRENCE  AND  ORIGIN 
BY  W.  H.  COLLINS* 

Remarks  were  made  by  T.  L.  Walker.  The  Society  adjourned  for  the 
noon  recess. 

At  2.30  o^clock  p  m  the  Society  reconvened  and  an  address  of  welcome 
was  given  by  Dr  Robert  Bell,  Acting  Deputy  Head  and  Director  of  the 
Geological  Survey  of  Canada.  A  brief  response  was  made  by  President 
Pumpelly. 

Announcement  was  made  that  from  4.30  to  7.00  o'clock  p  m  Dr  and 
Mrs  Robert  Bell  would  receive  the  Fellows  of  the  Society  at  their  home. 

The  scientific  program  was  resumed,  and  the  following  paper,  in  the 
absence  of  the  author,  was  presented  briefly  by  J.  F.  Kemp : 

OCCURRENCE  OF  THE  DIAMOND  IN  NORTH  AMERICA 
BT  GEOBOE  F.  KUVTZ 

[Ahatract] 

The  great  advance  in  the  prices  of  diamonds  within  a  few  years  past,  to- 
gether with  the  fact  that  the  demand  for  diamonds  has  become  so  large  in  this 
country,  has  stimulated  interest  In  the  question  of  the  possible  discovery  of 
diamond  mines  in  the  United  States.  This  whole  subject  has  been  treated  of 
in  some  detail  in  a  bulletin  by  the  writer  to  the  U.  S.  Geological  Survey,  now 
about  to  be  issued.  Diamonds  have  been  found  at  various  points  In  our  ter- 
ritory, though  never  of  large  size  or  in  any  abundance;  but  the  facts  are  of 
much  interest  as  they  are  here  gathered  and  presented. 

There  are  four  regions  where  diamonds  have  been  met  with  In  the  United 
States.  These  are:  (1)  the  Pacific  coast  chiefly  along  the  western  base  of  the 
Sierra  Nevada,  in  the  central  counties  of  California,  associated  with  gold  in 
the  cement  gravels;  (2)  along  the  line  of  the  moraine  of  the  ancient  ice-sheet 
of  the  Glacial  epoch  of  geology,  in  Wisconsin,  Michigan,  Indiana,  and  Ohio; 
these  have  been  transported  from  an  undiscovered  source  somewhere  In  Can- 
ada; (3)  a  few  only  hi  central  Kentucky  and  Tennessee;  (4)  the  Atlantic 
states  from  Virginia  to  Alabama,  chiefly  along  the  eastern  base  of  the  Appala- 
chians, in  what  is  known  as  the  Piedmont  region.  The  actual  place  of  the 
origin  of  the  diamonds  is  in  all  these  cases  unknown.  Those  of  the  Pacific 
coast  and  the  Atlantic  states  have  been  derived  by  erosion  from  the  adjacent 
mountain  ranges,  but  the  original  sources  have  never  been  discovered.  Those 
of  the  northern  drift  have  come  from  beyond  our  liorders,  in  Dominion  terri- 
tory, and  their  exact  source  Is  entirely  a  matter  of  speculation.    The  few  occur- 
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rences  In  Tennessee  and  Kentucky  are  not  as  yet  definitely  traceable,  even  in 
theory.  All  have  been  found  In  loose  and  superficial  deposits  and  all  accident- 
ally; most  of  those  In  the  Atlantic  and  Pacific  regions  have  been  found  in 
washing  for  gold. 

Historically,  the  first  diamond  recognized  in  the  United  States  appears  to 
have  been  found  in  1830,  in  central  Indiana ;  it  came  finally  into  the  hands  of 
the  well  known  artist,  the  late  James  W.  Beard,  who  wore  it  for  over  50  years. 
No  others  appear  to  have  been  found  In  this  region  until  within  the  past 
quarter  century,  when  several  were  obtained  in  the  glacial  drift,  and  their 
peculiar  transported  character  began  to  be  understood. 

The  finding  of  diamonds  in  the  gold  washings  of  northern  Georgia  goes  back 
by  local  tradition  to  the  **forties,"  but  definite  records  of  such  discoveries  do 
not  begin  until  some  years  later,  when  a  few  were  found  in  North  Carolina. 
The  largest  stone  ever  obtained  in  the  United  States,  the  celebrated  Dewey 
diamond,  of  23%  carats,  was  found  in  1855,  by  a  laborer  while  digging  in  a 
bank,  at  Manchester,  Virginia,  nearly  opposite  Richmond.  Two  have  been  met 
with  lately  in  Alabama,  and  there  may  be  in  all  twenty  or  twenty-five  diamonds 
known  from  the  southern  Atlantic  states. 

The  first  diamond  in  California  was  recognized  in  1849,  soon  after  the  dis- 
covery of  gold,  but  no  particular  accounts  are  on  record  until  1853.  Altogether, 
some  200  small  diamonds  have  been  reported  from  this  State,  most  of  them 
from  the  four  counties  of  Amador,  Butte,  El  Dorado,  and  Nevada ;  the  last  named 
has  yielded  only  a  few,  but  one  of  these  is  the  largest  known  from  California, 
a  stone  of  7^  carats.  All  have  been  discovered  in  connection  with  gold- 
mining,  and  most  of  them  in  the  hard  "cement"  gravel,  overlain  and  com- 
pacted by  beds  of  lava  or  volcanic  tufa.  Of  late  years  but  few  have  been 
obtained,  though  many  fragments  appear  in  the  sluices ;  but  the  general  use  of 
bydraulio  mining  and  stamp  mills  causes  any  diamonds  that  may  exist  to  be 
either  swept  away  and  buried  in  the  debris  or  else  crushed  into  bits  by  the 
stamps.  This  seems  very  regrettable ;  but  the  amount  of  diamonds  that  might 
be  saved  by  the  use  of  other  methods  would  not  probably  compensate  at  all  for 
the  cost  of  installing  different  processes  from  those  now  employed.  Notwith- 
standing this,  it  is  stated  that  two  companies  have  been  formed  for  the  pur- 
pose of  searching  for  diamonds  in  Amador  and  Butte  counties. 

The  diamonds  of  the  northwestern  drift  began  to  attract  attention  about 
fifteen  years  ago,  when  several  in  succession  were  found  in  Wisconsin ;  some 
of  these  had  been  picked  up  years  before  and  kept  as  curiosities,  without  knowl- 
edge of  what  they  were.  Professor  W.  H.  Hobbs,  of  the  State  University  at 
Madison,  made  a  very  careful  study  of  these  occurrences  and  established  clearly 
their  glacial  origin.  Then  one  was  found  under  similar  conditions  at  Dowagiac, 
Michigan,  in  1894,  and  another  soon  after  near  Cincinnati,  Ohio,  Within  a  few 
years  past  several  small  stones  have  been  encountered  by  local  gold-washers  in 
the  streams  of  BrowTi  and  Morgan  counties,  Indiana.  These  likewise  are  In  or 
associated  with  the  drift  moraine,  as  doubtless  was  also  the  first  one  from 
this  region,  found,  as  above  stated,  as  far  back  as  18.30.  A  few  small  stones 
were  also  noted  from  this  section  in  1878  by  the  late  Professor  E.  T.  Cox,  then 
state  geologist,  who  first  recognized  their  glacial  derivation. 

The  number  of  diamonds  accidentally  found  In  these  drift  deposits — now 
some  25  or  30— shows  that  hundreds  or  even  thousands  of  them  must  be  lying 
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imbedded  in  the  vast  mass  of  moralnal  material  that  stretches  across  these 
states.  From  this  fact  it  is  evident  that  wherever  the  source  may  be  where 
they  naturally  occur,  they  must  exist  in  considerable  abundance.  There  mnst 
probably  be,  therefore,  a  diamond  field  In  Canada  that  may  be  Important  if  it 
can  be  found,  although,  from  the  small  or  very  moderate  size  of  the  stones 
known.  It  cannot  compare  in  any  degree  with  the  wonderful  mines  of  South 
Africa.  Under  the  direction  of  Doctor  Ami  a  number  of  surveying  parties 
along  the  line  of  the  new  Transcontinental  railway,  from  Quebec  to  Winnipeg, 
are  now  on  the  lookout  through  all  the  region  north  of  the  Great  lakes.  But 
on  the  other  hand,  the  source  may  be  farther  north,  in  the  unexplored  wilder- 
ness of  Ungawa.  This  is  the  view  taken  by  Professor  Hobbs,  of  Wisconsin, 
based  on  a  careful  study  of  the  glacial  striations  left  on  the  rocks.  Indicating 
the  direction  of  ice-movement. 

Some  years  ago  there  was  for  a  time  quite  an  interest  in  the  suggestion  of 
a  possible  diamond  field  in  Elliott  county,  Kentucky.  Certain  igneous  dikes 
in  that  region  were  found  to  resemble  the  rock  In  which  the  diamonds  occur 
at  Kimberley,  in  South  Africa,  and  to  contain  some  similar  associated  min- 
erals, such  as  pyrope  garnets  ("Cape  rubies"),  etcetera;  but  careful  examina- 
tion failed  to  find  any  diamonds  whatever.  Recently  the  matter  has  been  takes 
up  again,  and  proposals  have  been  made  for  extensive  operations ;  but  the  fact 
remains  that  the  first  diamond  has  yet  to  be  discovered,  and  there  seems  to  be 
no  warrant  for  undertaking  such  enterprises.  ,W.  C.  Phelan,  geologic  aid  of 
the  U.  S.  Geological  Survey,  visited  Elliott  county,  Kentucky,  and  spent  con- 
siderable time  in  the  preparation  of  an  economic  bulletin  of  the  Canova  quad- 
rangle. Although  he  located  a  new  dike,  he  was  unsuccessful  in  finding  the 
diamond  itself.  Notwithstanding  that  statements  were  current  in  the  adjoin- 
ing city  of  Grayson  that  diamonds  had  been  found,  yet  he  could  not  substan- 
tiate the  finds. 

Professor  J.  F.  Kemp  has  located  a  similar  dike,  penetrating  a  coal  vein  In 
Fayette  county,  southwestern  Pennsylvania,  which  he  is  describing  at  this 
meeting.  Although  the  coal  seam  was  entirely  ruined  by  the  penetration  of  the 
peridotlte  for  a  distance  of  some  20  feet,  diamonds  were  not  found.  Professor 
Kemp  at  this  meeting  gives  the  petrographic  depths  of  this  occurrence  on  Mid- 
dle run,  a  tributary  of  the  Monongahela,  in  the  Masontown  quadrangle. 

The  paper  was  discussed  by  Eobert  Bell,  A.  C.  Lane,  J.  M.  Clarke, 
A.  P.  Coleman,  H.  M.  Ami,  A.  P.  Low,  and  J.  P.  Kemp. 

The  second  paper  was 

laNBOUB  ROCKS  OF  THE  BABTBRN  TOWNSHIPS  OF  QUEBEC 
BT  JOHN  AI£XAin>EB  DSESSEB* 

Remarks  were  made  by  G.  0.  Smith,  with  reply  by  the  author.  The 
paper  is  published  as  pages  497-522  of  this  volume. 

•  Introduced  by  Dr  F.  D.  Adams, 
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The  third  paper  was 

NBPHELJNE  BYENITE   IN  EASTERN   ONTARIO 
BY   FBAIVK   D.   ADAMS 

[Ahstract] 

The  paper  presents  briefly  some  of  the  results  of  a  detailed  study  of  the 
occurrences  of  nepheline  syenite  in  the  townships  of  Monmouth,  Glamorgan, 
and  Methuen,  in  the  province  of  Ontario.  The  character  of  the  various  differ- 
entiation products  of  the  syenite  magma  are  considered  and  the  relation  of  the 
group  to  the  granite  bathylites  and  to  the  intrusive  rocks  of  the  region  are 
discussed. 

Eemarks  were  made  by  A.  C.  Lane,  R.  A.  Daly,  and  the  author. 

The  fourth  paper  was 

ORIGIN  OF  THE  SUDBURY  ORE  BODIES 
BY  ALFRED  E.  BABLOW* 

The  paper  was  discussed  by  A.  P.  Coleman,  J.  P.  Kemp,  Robert  Bell, 
A.  C.  Lane,  and  the  author. 

The  next  paper  was  presented  by  title : 

BIBLIOGRAPHY   OF    THE    GEOLOGY,   MINERALOGY,   AND    PALEONTOLOGY    OF 

BRAZIL 

BY  JOHN  C.  BBANNEB 

The  following  paper  was  read : 

GEOLOGIC  RECONNAISSANCE  MAP  OF  ALASKA 
BY  AUTBED  H.  BBOOKS 

[Al8tract]i 
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IlTTBODUCnON 

Though  geologic  observations  in  Alaska  can  be  said  to  have  begun  with  the 
work  of  Stellar,  the  naturalist,  who  accompanied  Bering  on  his  ill-fated  voyage 
in  1741,  it  is  only  in  the  past  decade  that  systematic  surveys  have  been  made, 

•  Introduced  by  H.  M.  Ami. 

t  The  geologic  maps  and  sections  described  in  this  abstract  will  appear  as  lUustratlons 
to  a  paper  now  in  preparation  entitled  "The  geography  and  geology  of  Alaska  ;*'  profes- 
sional paper,  U.  S.  Geological  Surrey,  no.  46. 
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and  a8  yet  even  reconuaissanee  mapping  has  been  carried  over  only  about  one* 
fifth  of  the  territory.  Those  familiar  with  the  conditions  met  with  by  the 
geologist  in  this  field  need  not  be  reminded  that  they  are  by  no  means  favor- 
able, and  this  will  account  for  the  rather  meager  results  of  some  of  the  ex- 
plorations. It  appeared  desirable  to  gather  the  very  incomplete  data  and  to 
attempt  to  outline  the  areas  of  some  of  the  larger  stratigraphic  subdivisions^ 
and  this  has  been  done  on  this  map.  The  blanks  in  the  map  represent  unsur- 
veyed  areas,  yet  the  colored  parts  do  not  by  any  means  indicate  results  of 
equal  reliability.  Areas  iilce  the  Seward  iieninsula  and  the  Copper  River  basin 
have  been  surveyed  in  considerable  detail,  while  others,  like  the  Kuskokwim 
and  Tanana  valleys,  have  been  covered  by  only  the  most  hurried  reconnaissance 
work. 

Stratigraphic  Subdivisions  and  their  Description 

Ten  stratigraphic  subdivisions  have  been  made ;  seven  are  8edimentar3%  two 
igneous,  and  one  metamorphic.  The  so-called  Pelly  gneisses  include  gneisses 
and  crystalline  schists,  as  well  as  more  massive  intruslves.  and  possibly  some 
sediments,  which  may  in  part  be  Archean,  but  very  likely  are,  for  the  most 
part,  deformed  igneous  rocks  of  a  later  date.  A  group  of  highly  altered  sedi- 
ments, embracing  many  different  formations,  and  probably  chiefly  Paleoaoic, 
occupies  the  largest  areas  in  the  province.  The  areas  of  Silurian  are  smalL 
liecause  it  is  only  where  fossils  have  been  found  that  they  could  be  differ- 
entiated from  the  other  metamorphic  terranes.  The  incomplete  data  has  made 
it  necessary  to  throw  the  Devonian  and  Carboniferous  into  one  group.  In 
most  of  the  field  it  has  been  found  impossible  to  make  any  subdivisions  In  the 
Paleozoic  which  are  included  in  the  metamorphic  group. 

Though  all  the  subdivisions  of  the  Mesozoie  have  been  recognized  in  Alaska, 
the  data  are  too  fragmentary  to  permit  of  mapping  them  separately,  and  only 
two  groups  are  recognized.  The  one  embraces  the  Triassic  and  Jurassic,  as 
well  as  the  undifferentiated  Mesozoie,  and  the  second  the  Cretaceous. 

The  Tertiary,  undifferentiated  on  tiie  accompanying  map,  is  almost  entirely 
Eocene,  for  Miocene  and  Plloc^ene  beds  have  been  found  at  a  few  localities. 

The  Quaternary  coloring  has  been  extended  to  only  the  larger  areas.  Most 
of  the  rivers,  except  those  that  traverse  the  Coast  range,  are  bordered  by 
Pleistocene  silts  and  gravels. 

Of  the  intrusives  the  scale  of  the  map  permitted  the  representation  of  only 
the  larger  stocks,  and  even  these  have  been  omitted  in  the  Archean  areas  where 
the  gneisses  and  igneous  rocks  are  not  always  easily  differentiated.  The  dis- 
tribution of  the  larger  areas  of  the  recent  and  Tertiary  volcanics  Is  shown 
throughout  the  regions  surveyed. 

It  has  been  im|)ossil)le  to  avoid  the  crazy-quiit  effect  due  to  the  fragmentary 
data,  yet  some  of  the  larger  features  of  the  geology  are  well  illustriited.  The 
general  northwest  trend  of  the  western  cordillera  continues  into  Alaska  to 
about  the  one  hundred  and  forty-eighth  meridian,  where  it  bends  abruptly  to 
the  west  and  southwest,  as  If  to  moot  the  northeastern  extension  of  the  Asiatic 
continent.  That  this  is  but  a  topographic  reflecion  of  the  dominant  structural 
lines  is  well  illustrated  on  this  map.  where  you  will  note  that  there  Is  a  marked 
change  of  strike  along  the  central  meridian  of  Alaska.  This  line.  In  fact 
marks  the  transition  from  the  American  to  Asiatic  trend  of  bed-rock  structures. 
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Keeping  this  fact  in  mind,  it  will  be  possible  to  trace  the  stratigraphic  subdi- 
visions even  on  this  very  incomplete  map. 

A  belt  of  metamorphic  rocks  striking  parallel  to  the  Pacific  coastline  has 
been  traced  northwest^vard  through  the  panhandle  and  appears  to  find  its  ex- 
tension in  the  Chugach  mountains  and  in  Prince  William  sound.  In  south- 
eastern Alaska  this  belt  includes  various  terranes,  varying  in  age  from  Silurian 
or  older  to  the  Permian,  with  possibly  some  Triassic.  Some  Cretaceous  beds 
are  found  infolded  with  it  It  is  cut  off  from  the  Paleozoic  rocks  of  British 
Columbia  by  the  broad  belt  of  intrusives  which  make  up  the  Coast  range.  At 
the  westward  extension  of  the  belt  Mesozoic  beds  overlap  its  inland  margin. 
These  Mesozoic  beds  are  continued  to  the  southwest,  forming  the  country  rock 
of  the  Alaska  peninsula. 

A  second  belt  of  metamorphic  sediments  is  traceable  through  inland  Alaska. 
This  includes  highly  altered  rocks,  ranging  from  Silurian  or  older  to  Devonian. 
This  zone  ends  in  the  Kuskokwim  valley,  where  a  broad  belt  of  Cretaceous  sedi- 
ments mantels  the  metamorphic  terranes.  This  belt  is  broken  by  an  area  of 
gneissoid  rocks,  but  these,  though  first  assigned  to  the  Archean,  are  now  be- 
lieved to  be  largely  altered  intrusives.  The  metamorphic  rocks  appear  again 
in  the  Seward  peninsula  and  in  northern  Alaska  and  here  constitute  a  third 
belt. 

Little  is  known  of  the  geology  of  the  Rocky  mountains  of  Alaska,  except  along 
the  one  hundred  and  fifty-first  meridian,  where  Schrader's  studies  have  shown 
them  to  be  made  up  of  closely  folded  Paleozoic  terranes. 

A  belt  of  Permian  beds,  made  up  of  slates  and  limestones,  has  been  identified 
along  the  Seward  margin  of  the  Coast  range  and  in  the  Copper  River  basin. 
Devonian  beds  are  widely  distributed,  but  the  largest  areas  occur  in  the 
Yukon-Tanana  region,  where  they  are  chiefly  limestones  and  volcanics. 

The  Mesozoic  period  is  represented  by  the  Jurassic  and  Triassic  rocks  of  the 
Copper  River  region,  the  Alaska  range ;  also  by  two  broad  belts  of  Cretaceous 
rocks,  one  of  which  stretches  northeastward  from  Bering  sea  to  where  it  over- 
laps on  the  Paleozoic  terranes  near  the  southern  front  of  the  Rocky  mountains, 
and  the  other  stretches  east  and  west  across  northern  Alaska.  The  Tertiary 
period  is  represented  chiefly  by  Eocene  beds,  which  occur  in  broken  areas  along 
the  seaward  margins  of  the  province.  In  the  Yukon  basin  Eocene  beds  are 
found  far  inland,  close  to  the  international  boundary.  These  are  probably  of 
lacustrine  origin. 

Intrusive  rocks,  among  which  granitic  types  dominate,  are  very  abundant  in 
fooutheastem  Alaska.  A  broad  belt  of  granitic  rocks  forms  the  backbone  of  the 
Alaska  peninsula,  and  smaller  rocks  occur  in  the  mountains  to  the  northeast 
All  of  these  intrusives  appear  to  be  of  Middle  or  Upper  Jurassic  age.  The 
smaller  masses  of  granite,  so  abundant  in  the  Kuskokwim  valley  and  found  in 
the  Seward  peninsula,  are  probably  of  Tertiary  age. 

Recent  and  Tertiary  volcanic  rocks  are  widely  distributed,  and  in  the  Alaska 
peninsula.  Mount  Wrangell  region,  and  in  the  Bering  sea  littoral  cover  large 
areas. 

The  general  stratigraphic  succession  in  Alaska,  so  far  as  determined,  is  as 
follows :  Some  gneisses  and  crystalline  schists  have  been  provisionally  referred 
to  the  basal  member  of  the  succession.  These  are  succeeded  by  a  great  com- 
plex of  metamorphic  sediments,  intruded  by  many  igneous  rocks  whose  age 
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and  stratlgraphic  relations  are  often  undetermined.  Tbongh  these  metamor- 
phic  beds  have  been  subdivided  into  many  formations,  many  of  these  are  ill 
defined,  and  much  more  detailed  evidence  will  be  required  before  a  definite 
statement  as  regards  the  succession  can  be  made.  Some  of  the  lower  memben 
of  this  great  complex  have  yielded  Ordovician  and  Silurian  fossils,  while  is 
some  of  the  upper  beds  Devonian  fossils  have  been  found.  In  the  Yukon  basin 
and  in  the  panhandle  there  appears  to  be  an  unconformity  near  the  base  of 
the  Devonian,  below  which  the  rocks  are  much  more  highly  metamorphosed. 
Tbe  older  and  more  crystalline  sediments  are  probably  Silurian,  Ordovician. 
Cambrian,  or  possibly  pre-Cambrlan.  The  metamorphosed  elastics  of  soutiv 
eastern  Alaska  include  Devonian  and  Carboniferous,  and  elsewhere  in  tbe 
province  Devonian  and  Carboniferous  terranes  have  been  found. 

Triassic  beds  have  thus  far  been  recognized  only  in  the  Copper  River  basin 
and  in  southwestern  Alaska,  while  the  Jurassic  occurs  in  this  district  and  al» 
at  cape  Llsbume,  in  northern  Alaska.  The  lower  Cretaceous  is  widely  dis- 
tributed and  Includes  the  youngest  beds  known  to  have  suffered  any  consider- 
able metamorphism.  It  appears  that  the  unconformity  separating  the  upper 
and  lower  Cretaceous  horizons  was  of  considerable  extent  The  upper  Cre- 
taceous occurs  in  the  Yukon  basin,  In  southwestern  and  southeastern  Alaska, 
as  well  as  north  of  the  Rockies. 

Of  the  Tertiary  horizons,  the  Eocene  coal-bearing  beds  are  the  only  ones 
wbich  have  been  found  widely  distributed,  and  these  occupy  no  considerable 
areas.  Miocene  and  Pliocene  beds  appear  to  have  relatively  small  development 
The  Pleistocene  is  represented  throughout  the  province  by  gravels,  sands,  and 
silts,  and  in  the  regions  which  have  been  occupied  by  ice  by  various  forms  of 
glacial  deposits. 

COBBELATION  TABLE. 

On  the  table  I  have  indicated  the  stratigraphic  succession  in  four  of  the  best 
known  districts  and  suggested  certain  correlations  l)etween  them. 

In  southeastern  Alaska  the  basal  meml)er  consists  of  phyllites  and  crystal- 
line limestones,  In  part  at  least  of  Silurian  age.  These  are  succeeded  by 
crystalline  limestones  and  slates  of  Middle  Devonian  age.  The  next  horixon 
is  a  chert  and  limestone  series,  carrying  lower  Carboniferous  fauna  and  rest- 
ing unconformably  on  the  older  rocks.  These  are  succeeded  by  a  complex  of 
phyllites  and  greenstones,  with  some  limestones,  in  part  at  least  of  Permian 
age.  A  heavy  conglomerate  series,  resting  unconformably  on  the  Paleozoic 
rocks,  represents  the  oldest  Mesozoic  of  this  province,  and  is  probably 
Cretaceous.  These  are  unconformably  overlaid  by  a  soft  sandstone  and  shale 
series,  in  part  of  upper  Cretaceous,  in  part  of  Eocene  age. 

The  extensive  basalt  flows  have  been  provisionally  assigned  to  the  Miocene, 
while  the  Pleistocene  is  represented  by  silts,  sands,  and  gravels,  as  well  as  by 
glacial  drift 

Highly  metamorphosed  schists  and  limestones  form  the  oldest  sediments  of 
the  Copper  River  region,  and  are  of  pre-Devonian  age.  These  are  uncon- 
formably succeeded  by  a  massive  conglomerate  and  slate  series,  asjH)oiated 
with  volcanic  rocks  which  have  been  provisionally  referred  to  the  Devonian. 
The  Carboniferous  is  represented  by  a  lower  member,  made  up  of  heavy 
crystalline  limestone,  and  an  upper  consisting  of  many  thousand  feet  of  lime- 
stones, shales,  and  volcanics.    These  are  overlaid  by  a  volcanic  and  limestone 


GEOLOGIC   RECONNAISSANCE   MAP   OF   ALASKA  699 

group  of  Tria88ic  age,  and  on  these  the  Kennicott  formation  rests  uncon- 
forniably.  The  Tertiary  in  this  district  is  represented  by  some  small  areas 
of  lignite-bearing  Eocene  sandstone,  and  by  a  great  thiclcness  of  Tolcanics,  the 
latter  merging  with  those  of  recent  date. 

The  succession  in  the  Yukon  region  has  not  yet  been  well  determined.  It 
appears  that  the  so-called  Birch  Creels  schists  form  the  oldest  sediments,  and 
these  may  rest  on  an  older  gneissic  complex.  Within  the  schistose  series  occur 
l)eds  of  crystalline  limestone.  In  some  areas  at  least  a  massive  limestone  ap- 
pears to  form  a  higher  member  of  the  metamorphic  series,  but  this  is  not 
definitely  established.  A  great  thickness  of  greenstones,  with  which  are  inter- 
calated some  Middle  Devonian  limestones,  form  the  next  higher  group,  resting 
unconformably  on  the  older  and  more  highly  metamorphosed  rocks.  In  some 
parts  of  the  basin  a  massive  Carboniferous  limestone  forms  the  next  higher 
member  of  the  succession. 

The  liower  Cretaceous  is  represented  by  some  calcareous  sandstones  and 
black  slates.  As  in  southeastern  Alaska,  the  upper  Cretaceous  and  Eocene  ap- 
I>ear  to  be  represented  by  an  unbroken  succession  of  sandstones  and  shales.  A 
formation  made  up  of  sands,  clays,  and  gravels  has  been  provisionally  referred 
to  the  Pliocene. 

In  northern  Alaska  Schrader  found  a  series  of  schists  forming  the  basal 
member  of  the  succession,  and  this  overlaid  by  a  massive  crystalline  limestone. 
The  latter,  on  the  evidence  of  a  few  obscure  fossils,  has  been  tentatively  as- 
signed to  the  Silurian.  Both  Devonian  and  Carboniferous  beds  have  been 
found  in  this  region,  but  the  stratigraphic  succession  is  obscure. 

Lower  Cretaceous  rocks  overlap  the  Paleozoics,  both  north  and  south  of  the 
range,  and  on  the  Arctic  slope  are  succeeded  unconformably  by  Eocene  beds. 
These  in  turn  are  overlaid  by  Pliocene  silts. 

Structube 

The  parallelism  between  the  bed-rock  structures,  the  mountain  ranges,  and 
the  shoreline  has  been  pointed  out.  In  southeastern  Alaska  the  dominant 
structures  trend  northwest  and  then,  near  the  one  hundred  and  fifty -first  merid- 
ian, swing  west  and  south. 

Three  sections  are  presented  to  indicate  some  of  the  larger  structural 
features.  The  first  reaches  from  Controller  bay,  through  the  Chugach  and 
Wrangell  mountains,  to  the  international  boundary.  On  the  coast  of  the  section 
are  indicated  the  closely  folded  Tertiary  beds,  resting  unconformably  on  the 
metamorphic  sediments  which  make  up  the  Chugach  mountains.  These  latter, 
which  are  probably  in  part  Paleozoic,  are  intensely  deformed.  They  are 
separated  by  a  fault  from  the  broad  syncline  which  makes  up  the  Wrangell 
mountains.  The  basal  beds  in  this  syncline  are  Carboniferous,  which  are  over- 
laid unconformably  by  Mesozoic  sediments,  and  these  in  turn  are  capped  by 
Tertiary  and  recent  lavas.  Another  fault  cuts  off  the  northern  area  of  the 
syncline  from  a  broad  belt  of  closely  folded  Mesozoic  sediments.  North  of  the 
Pleistocene  silts,  which  floor  the  Tanana  valley,  the  section  traverses  a  belt 
of  schists  with  which  are  closely  associated  some  gneissic  rocks.  A  section 
across  the  Alaskan  range  indicates  a  broad  synclinorium  of  Mesozoic  rocks 
(chiefly  Jurassic)  resting  unconformably  on  Devonian  limestone  on  the  west, 
which  in  turn  rests  on  phyllites  and  cherts,  which  have  yielded  some  Ordovician 
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fossils.  The  section  in  northern  Alaslca  indicates  two  anticlinal  axes,  with 
sharp  flexures  and  faulting,  separated  by  a  broad  syndine.  In  the  southern 
anticline  the  basal  schists  and  a  Silurian  limestone  are  exposed.  The  structure 
In  the  northern  anticline  is  complicated  by  extensive  faults.  These  Paleozoic 
rocks  are  succeeded  by  gently  folded  Cretaceous  rocks  on  both  flanks  of  tht" 
range.  On  the  north  the  horizontal  Tertiary  sediments  rest  on  the  Cretaceous 
beds. 

Remarks  were  made  by  T.  A.  Jaggar,  a  visitor. 
The  last  paper  of  the  day  was 

C0.4KT  RANGE  OF  SOl'THBABTBRN  ALASKA 
BY  FBED  EUOENX  WBIGHT 


Session  op  Wednesday  Evening,  December  27 

At  8.30  o'clock  the  Society  met  in  formal  session  in  the  parlor  of  the 
Russell  House,  and  the  President  of  the  Society,  Raphael  Pumpelly, 
delivered  an  address  entitled 

INTERDEPENDENT  EVOLUTION  OF  0A8E8  AND  CIVILIZATIONS 

The  address  is  printed  as  pages  637-670  of  this  volume. 

Following  the  presidential  address  a  "smoker"  was  given  by  the  Logan 
Club  of  Ottawa  to  the  Fellows  of  the  Society. 


Session  of  Thursday,  December  28 
The  Society  met  at  10.00  o'clock  a  m,  President  Pumpelly  in  the  chair. 

The  Council  report  was  taken  from  the  table  and  was  adopted  without 
debate. 

The  report  of  the  Photograph  Committee  was  presented,  as  follows: 

SIXTEENTH  ANNUAL  REPORT  OF  THE  COMMITTEE  ON  PHOTOGRAPHS 

During  the  year  1905  there  has  been  but  little  change  in  the  collection 
of  photographs  belonging  to  the  Society.  No  new  views  have  been  ob- 
tained, but  through  the  kindness  of  the  Director  of  the  Geological  Survey 
about  100  old  prints  have  been  replaced  by  new  ones,  which  are  printed 
in  a  superior  manner  and  mounted  on  muslin.  By  this  means  the  bulk  of 
the  collection  has  been  considerably  diminished. 
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The  photographs  are  now  stored  in  glass  cases  in  my  office,  in  the  build- 
ing of  the  Geological  Survey,  Washington,  convenient  for  reference. 
Several  members  of  the  Society  have  obtained  prints  for  use  in  reports 
and  text  books,  and  it  is  believed  that  there  ought  to  be  a  very  much  wider 
use  of  the  photographs  for  this  purpose.  It  is  expected  that  during  the 
coming  year  a  large  number  of  new  photographs  will  be  added  to  the 
collection,  selected  from  the  vast  number  of  views  which  have  been  taken 
by  members  of  the  Geological  Survey  during  the  past  few  years.  Contri- 
butions for  the  collection  are  desired,  but  care  should  be  taken  that  they 
are  views  of  general  interest  and  illustrate  geologic  phenomena  rather 
than  scenery.     A  high  technical  standard  is  also  required. 

Respectfully  submitted. 

N.  H.  Dabton, 

Committee, 

The  report  was  adopted,  and  the  usual  appropriation  of  $15  for  tbe  use 
of  the  committee  was  voted. 

RESOLUTION    CONCERNING    INTERNATIONAL    QEOLOOWAL    C0N0RE88 

The  following  resolution  was  presented  from  the  Council  and  adopted : 

"Resolved,  That  the  Geological  Society  of  America  gives  expression  to  the 
sincere  feeling  that  it  would  be  highly  appropriate  and  desirable  to  hold  the 
International  Qeologlcal  Congress  in  Ottawa  in  1909." 

Several  announcements  were  made :  By  S.  F.  Emmons  and  the  Secre- 
tary, relating  to  the  meeting  of  the  International  Geological  Congress  in 
Mexico  in  September,  1906;  by  H.  M.  Ami,  with  reference  to  the  evening 
program;  by  J.  F.  Kemp,  with  reference  to  the  annual  dinner,  and  by 
the  Secretary,  stating  that  a  local  photographer  would  take  a  photograph 
of  the  Fellows  at  the  close  of  the  morning  session. 

The  scientific  program  was  taken  up,  and  the  first  paper  read  was 

OBOLOaiCAL  SECTION   ACROSS   THE   CORDILLERA    ON   THE   INTERNATIONAL 
BOUNDARY  LINE  (WTH  PARALLEL) 

BY  BEOn^ALD  A.  DALY 

Eemarks  were  made  by  A.  H.  Brooks  and  G.  0.  Smith. 
The  second  paper  was  by  the  same  author,  and  entitled 

THE    OKANAQAN   COMPOSITE   BATHOLITH   OF   THE   CASCADE   MOUNTAIN 

SYSTEM 

BY  BEOINALD  A.  DALY 

The  paper  was  discussed  by  A.  C.  Lane,  A.  P.  Coleman,  J.  D.  Irving, 
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J.  F.  Kemp,  F.  E.  Wright,  G.  0.  Smith,  R.  W.  Brock,  T.  A.  Jaggar  (a 

visitor),  and  the  author. 
The  paper  is  printed  as  pages  329-376  of  this  volume. 

The  third  and  last  paper  of  the  morning  session  was 

RBOENT  CHANGES  OP  LEVBL  IN  THE  TAKUTAT  BAY  BBGION,  AT.AtiKA 
BY  RALPH    8.   TABB  AlH)  LAWBEITCE   If  ABTIir 

Bemarks  were  made  by  A.  E.  Coste  (a  visitor),  W-  H.  Sherzer,  and 
A.  H.  Brooks. 

The  paper  is  printed  as  pages  29-64  of  this  volnme. 

The  Society  adjourned  for  the  noon  recess,  and  reconvened  at  2.15 

o'clock  p  UL 

Remarks  were  made  by  T.  L.  Walker  relating  to  the  place  of  meeting 
of  the  International  Geological  Congress  in  1909,  and  inquiring  as  to  the 
purport  and  effect  of  the  resolution  adopted  at  the  morning  session. 

The  scientific  program  was  resumed,  and  the  first  paper  was  the  fol- 
lowing : 

OBSERVATIONS  IN  SOUTH  AFRICA 
BY  W.  If.  DAVIS 

Remarks  were  made  by  David  White,  with  reply  by  the  author.  The 
paper  is  printed  as  pages  377-450  of  this  volimie. 

Tlie  second  paper  was 

DRUMLIN  STRUCTURE  AND   ORIGIN  • 
BY  H.  L.  FAIBCHILD 

[Abstract] 
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INTBODUGTION 

The  paper  was  a  brief  description,  aided  by  maps  and  lantern  slides,  of  im- 
portant drumlin  features  found  In  central  New  York,  and  a  concise  statement 
of  conelusious  relating  to  the  origin  of  drumlins. 


•  By  permission  of  the  New  York  State  Geologlit 
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Distribution 

^rypical  dramlins  or  drumlin  ridges  are  the  most  emphatic  of  a  variety  of 
forms  produced  by  the  rubbing  action  of  the  ground-contact  ice  under  thrustal 
motion.  On  the  one  hand  these  forms  shade  off  into  indefinite  fiutings  or 
moldings  of  the  drift,  and  on  the  other  hand  are  represented  by  scoured  or 
rounded  rock  hills  (drumloids).  The  requisite  conditions  for  production  of 
distinct  drumlins  do  not  seem  to  have  been  commonly  fulfilled,  as  vast  areas 
of  glaciated  territory  seem  never  to  have  been  subjected  to  the  drumlinizing 
movement  of  the  ground-contact  ice. 

The  land  surface  included  in  the  drumlin  area  of  New  York  is  a  belt  about 
35  miles  wide,  bordering  the  south  side  of  lake  Ontario,  and  about  140  miles 
long  (from  Niagara  river  to  Syracuse),  with  a  total  area  of  about  5,000  square 
miles.  At  least  half  of  this  area  carries  numerous  well  developed  drumlins. 
An  eastward  extension  of  the  area  swings  around  the  east  end  of  lake  Ontario 
as  a  belt  5  to  10  miles  wide,  reaching  past  Watertown  into  the  Saint  Lawrence 
valley. 

The  New  York  drumlin  area  probably  includes  not  less  than  10,000  drumlin 
crests,  of  which  at  least  6,000  are  indicated  on  the  topographic  sheets.  On  the 
216  square  miles  of  the  Palmyra  quadrangle  an  actual  count  shows  955  indi- 
cated on  the  map.  Probably  hundreds  of  minor  ridges  are  beneath  the  recog- 
nition of  the  contour  lines,  with  20  feet  Interval. 

Obisntation 

The  longer  axis  of  the  drumlins  indicate  the  direction  of  the  latest  vigorous 
movement  of  the  ice-sheet  in  their  locality,  and  their  variant  directions  through- 
out the  New  York  area  prove  a  radial  or  spreading  flow  of  the  ice-mass  durlhg 
the  stage  of  waning  which  is  represented  by  the  drumlin  formation.  The 
angular  directions  cover  nearly  a  half  circle.  East  of  lake  Ontario  they  point 
east — ^that  Is,  they  were  shaped  by  a  movement  of  the  ice  from  the  west  Pass- 
ing westward  around  the  south  side  of  Ontario  the  directions  of  the  drumlins 
gradually  shift  to  southeast,  then  to  south,  and  in  western  New  York  to  south- 
west. 

The  axial  direction  is  not  always  uniform  along  the  same  meridian,  but 
records  any  change  in  the  direction  of  the  ice  movement  due  to  the  topographic 
control  over  the  .waning  edge  of  the  ice-sheet  in  its  different  po^itions.  A 
confirmation  of  this  genetic  relation  between  drumlin  attitude  and  ice-fiow 
direction  is  found  in  the  Pulaski  region.  As  we  pass  eastward  around  Mexico 
bay  we  find  the  direction  toward  which  the  drumlins  point  changes  from 
southeast  to  east;  but  passing  on  10  miles  to  the  north  we  find  the  drumlins 
pointing  southwest,  or  at  right  angles  to  those  near  Mexico.  These  varied 
directions  represent  ice-flow  movement  during  successive  stages  of  the  waning 
ice  body. 

Relation  to  Topogbaphy  and  Rock  Stbata 

The  most  massive  development  of  drumlins  is  on  the  low  Ontario  plain  north 
of  the  Finger  lakes  and  mainly  under  500  feet  altitude.  They  are  comparatively 
absent  on  the  higher  ground  which  faced  toward  the  ice  body.  This  dominant 
drumlin  area  is  underlain  by  the  Oayugan  (Salina),  Nlagaran,  and  Oswegan 
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(Medina)  strata,  which  consist  of  about  3,000  feet  of  shale,  between  200  and 
300  feet  of  limestone,  and  400  or  500  feet  of  sandstone.  The  predominance  of 
shale  in  the  outcrops  from  whence  the  ice  obtained  Its  rock  debris  supplied  a 
burden  of  unusually  clayey  and  adhesive  drift,  and  it  seems  probable  that  the 
adhesive  and  plastic  character  of  the  subglacial  drift  was  a  contributing  factor 
to  the  remarkable  development  of  close-set  drumlins. 

Form  and  Size 

The  several  types  may  be  distinguished  as  the  mammilla  or  dome,  the  oval, 
the  slender  oval  or  short  ridge,  and  the  linear  or  attenuated  ridge.  The  two 
latter  forms  include  the  great  majority  of  the  New  York  drumlins.  The  dome 
form  is  rare  in  New  York.  It  is  an  important  fact  that  the  different  types  are 
not  intermingled.  Of  the  ridge  form  there  are  two  extreme  varieties.  A  large 
form  constitutes  broad,  low  swells  or  rolls,  which  may  not  be  recognized  as  of 
drumlin  nature  and  are  often  overlooked  by  the  map  contours.  These  low, 
broad  moldings  of  the  till  are  the  common  form  over  the  surface  of  the 
Niagara-Genesee  prairie.  The  small  variety  of  the  long  ridges  is  abundantly 
displayed  in  the  Clyde-Savannah  district,  where  between  the  major  drumlins 
or  on  their  sides  lie  a  secondary  or  minor  order  of  ridges,  often  not  larger  than 
a  railway  embankment.  These  small,  attenuated  ridges  characterize  the 
frontal  border  of  the  drumlin  belt  when  faced  by  a  moraine. 

The  limit  to  the  height  of  drumlins  seems  to  be  about  180  to  200  feet  At 
some  point  in  the  upbuilding  process  the  growth  is  antagonized  by  an  eroding 
or  leveling  tendency  and  a  balance  is  struck  between  the  opposing  forces  which 
limits  extreme  height,  and  which  apparently  results  in  the  production  of 
multiple  ridges  of  moderate  size  instead  of  one  huge  ridge. 

Composition  and  Structure 

The  New  York  drumlins  are  composed  of  compact  till.  Only  two  instances 
have  been  found  of  water-laid  drift  distinctly  within  the  drumlin  mass.  The 
deeper  layers  are  more  compact  than  ordinary  sheet  till  and  the  included 
stones  of  all  sizes  are  more  generally  abraded. 

Along  the  south  shore  of  lake  Ontario  a  score  of  drumlins,  some  of  large  size, 
are  dissected  to  their  core  by  wave  erosion.  More  than  half  of  the  cliffs  show 
undoubted  concentric  foliation,  and  in  several  it  is  surprisingly  distinct.  In 
cross-sectipn  view  the  layers  near  the  base  are  only  slightly  arched,  and  the 
arching  increases  toward  the  top,  where  the  layers  are  parallel  with  the  profile 
In  the  different  sections  it  is  found  that  the  exposed  foliation  has  the  direc- 
tions corresponding  to  concentric  layers.  The  constructional  origin  of  these 
drumlins  is  beyond  question. 

Between  Palmyra  and  Syracuse  the  foundations  of  the  drumlins  are  Salina 
shale,  the  soft  red  and  green  beds  known  as  Vernon.  Some  of  the  low  T\6ge» 
are  probably  composed  entirely  of  the  shale,  with  a  veneer  of  drift.  On  the 
parallel  of  Baldwinsvllle  all  the  drumlin-like  forms  east  of  Seneca  river  are 
composed  of  the  red  shale  and  are  not  drumlins,  but  rocdrumlins.*  The  hills  of 
Vernon  shale  (hardened  clays,  without  evident  bedding,  and  easily  decom- 
posed) which  stood  within  the  zone  of  drumlin  formation,  in  confiict  with  the 
rubbing  ice,  were  more  easily  shaped  into  the  drumlin  form  than  other  rocks; 

*  The  Celtic  word  for  rock  is  used  as  a  prefix. 
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but  when  given  that  shape  they  resisted  the  ice  impact  better  than  harder 
rocks,  as  the  product  of  the  ice  rubbing  was  a  lubricant  and  plastic  paste, 
essentially  like  clayey  till  in  its  mechanical  properties.  The  shale  hills  were  at 
first  compliant,  and  then  resistant  to  the  ice.  They  became  drumlins  in  effect, 
though  not  in  origin,  being  erosional  forms,  not  constructional. 

The  shaping  of  hills  of  the  softest  rock  instead  of  leyeling  them  is  an 
evidence  of  erosional  weakness  of  the  ice  in  the  drumlin  belt  Vigorous  abra- 
sion of  hard  rocks  would  not  be  consistent  with  drumlins  in  the  same  locality. 

Relation  to  Moraines  and  to  glacial  Lakes 

During  the  stage  of  ice  waning  represented  by  the  dominant  drumlin  area  the 
ice-front  was  swept  by  vigorous  rivers  on  the  higher  ground  and  was  faced  by 
lakes  on  the  lowest  ground.  The  drumlins  reach  up  to  the  north  side  of  the 
drainage  channels  in  good  strength,  but  they  fade  out  into  attenuated  forms  in 
the  areas  where  the  ice-front  was  not  swept  by  streams,  and  where  consequently 
the  drumlin  tracts  are  fronted  by  moraines.  These  moraines  represent  only  the 
superglacial  and  higher  englacial  drift,  carried  to  and  dropped  at  the  ex- 
treme edge  of  the  ice,  while  the  drumlins  were  forming  at  the  same  time  from 
the  subgiacial  and  lower  englacial  drift  beneath  the  ice-sheet,  in  the  rear  of 
the  moraine. 

Theoretically  the  moraines  should  be  weak  where  the  drift  was  largely  left 
in  drumlin  form,  and  the  facts  seem  in  accord. 

Formation;  Mechanics 

The  idea  that  drumlins  represent  overridden  moraines,  or  are  erosional  in 
origin,  may  be  true  of  some  drumlins,  but  certainly  is  not  true  of  the  majority 
of  New  York  drumlins,  which  were  constructed  or  built  up  by  a  plastering-on 
process. 

In  the  mechanics  of  drumlin  construction  three  sets  of  factors  are  recog- 
nized: (a)  factors  pertaining  to  the  ice  itself;  (h)  those  relating  to  the  drum- 
lin-forming  drift;  (c)  the  external  influences  of  topography  and  climate. 

The  dynamic  factors  pertaining  to  the  ice  body  (a)  Include:  (1)  vertical 
pressure;  (2)  horizontal  pressure;  (3)  vigor  and  velocity  of  flow;  (4)  difiPer- 
ential  flow;  (5)  plasticity. 

The  factors  relating  to  the  drift  (6)  are:  (1)  volume  of  the  drift;  (2)  posi- 
tion of  the  drift;  (3)  quality  of  the  drift. 

The  factors  of  external  control  (c)  are:  (1)  general  land  slope;  (2)  minor 
features  of  the  topography;  (3)  temperature  and  water  supply. 

The  building  up  of  the  drumlins  is  coincident  with  the  rubbing  off  or  shaping 
effect.  As  masses,  the  hills  were  built  by  accretion  of  the  drift,  but  the  convex 
forms  are  due  to  the  erosional  factor.  The  whole  process  may  be  compared  to 
the  work  of  the  sculptor  on  a  clay  model — a  plastering  on  and  rubbing  away. 
The  accretion  is  due  to  the  greater  friction  between  clay  and  clay  than  between 
clay  and  ice.  The  hills  of  accretionary  drift  resisted  the  ice  impact  and  rasp- 
ing effect  in  the  same  manner  as  did  the  hills  of  shale.  The  form  possessed  by 
both  classes  of  hills  is  that  which  opposed  the  greatest  resistance  to  removal 
by  the  ice  or  the  least  resistance  to  the  overriding  movement  of  the  ice. 

The  drumlins  were  shaped  by  the  sliding  movement  of  the  lowest  ice,  that  in 


906 


PROCEEDINGS  OF  THE  OTTAWA  MBETIKQ 


contact  with  the  hind  surface.  This  fact  implies  that  the  whole  thickness  of 
the  ice-sheet  participated  in  the  motion.  Such  motion  was  not  due  to  gravita- 
tional stress  on  the  ice  over  the  drumlin  area,  but  to  effective  thrust  on  the 
marginal  ice  by  the  gravitational  pressure  of  the  rearward  mass.  As  the 
margin  of  the  ice-sheet  thinned  by  ablation,  there  came  a  time  when  the  drift- 
loaded  ice  in  contact  with  the  ground  was  subjected  to  less  vertical  pressure 
and  to  relatively  greater  horizontal  pressure  by  the  deep  ice  in  the  rear,  and 
was  pushed  forward  bodily.  In  this  fact  is  believed  to  lie  the  key  to  dmmlin 
formation. 

The  combination  of  conditions  requisite  for  effective  thrust  movement  over  a 
belt  of  country  and  for  considerable  time  may  be  rare,  and  it  does  not  neem 
so  strange  that  drumlins  are  uncommon  features  when,  we  consider  the  variety 
of  dynamic  factors  which  are  concerned  directly  or  indirectly  in  drnmlln  forma- 
tion. 

It  may  be  assumed  that  wherever  the  ground-contact  Ice  had  a  vigorous 
movement  of  some  duration  it  should  be  indicated  by  the  molding  of  the 
ground  surface,  specially  where  this  is  comparatively  level  and  composed  of 
drift  or  soft  rocks.  The  absence  of  drumlinizing  of  the  drift  surface  may  be 
assumed  as  indicating  lack  of  movement  of  the  ground-contact  tee.  Well 
marked  drumlins  are  not  found  on  the  high  ground  east  of  Seneca  lake,  nor  on 
the  low  ground  east  of  Syracuse.  The  explanation  seems  to  lie  in  the  relation- 
ship of  the  larger  topography  to  the  movement  of  the  ice-sheet  When  the 
glacier  was  deep  over  the  Finger  Lakes  region  the  bottom  of  the  loe  In  the 
drumlin  area  was  probably  quiescent  and  served  as  a  bridge  over  which  the 
upper  ice  moved,  the  repose  of  the  lower  ice  being  due  to  the  opposing  land 
slope  and  to  the  large  volume  of  drift  which  the  ice  had  incorporated.  Over 
the  nearly  level  area  north  of  the  Finger  lakes  the  waning  of  the  ice-sheet 
finally  brought  the  ground-contact  ice  under  horizontal  thrust;  bat  In  the 
adjacent  district  of  low  ground  northeast  and  east  of  Syracuse  we  have  an  ex- 
ample of  the  non-motion  of  the  bottom  ice.  The  almost  bare  hills  of  soft 
Vernon  shales  in  the  district  of  Canastota  have  not  been  subject  to  rubbing 
action  of  ice  in  any  direction.  The  surface  would  have  been  sensitive  to  any 
ice  movement,  but  the  deeply  buried  ice  was  stagnant  and  the  shallow  Ice  was 
not  subjected  to  push  by  any  thicker  ice  on  the  northward. 

In  the  balancing  and  adjustment  of  the  several  dynamic  factors  in  the  drift- 
burdened  ice,  the  two  opposing  forces  of  rigidity  and  plasticity  seem  to  be  the 
most  important  The  existence  of  the  drumlins  implies  that  the  d^th  of  the 
ice  and  the  vertical  pressure  were  so  moderate  as  to  allow  the  plastic  ice  to 
override  and  to  adapt  itself  to  the  hills,  while  at  the  same  time  the  whole  sheet 
of  ice  was  sufficiently  rigid  to  accept  horizontal  thrust 

The  paper  was  discussed  by  E.  S.  Tarr,  T.  C.  Russell,  A.  P.  Coleman, 
W.  M.  Davis,  and  W.  H.  Sherzer.  The  full  paper,  with  ample  illustra- 
tions, will  be  printed  as  a  bulletin  of  the  New  York  State  Museum* 
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The  third  paper  was 

DRUMLINS  OF  MICHIGAN 
BT  ISRAEL  C.  BUSSELL 

[Abstract] 

studies  of  a  drumlin  area  in  the  northern  peninsula  of  Michigan,  a  brief 
report  concerning  which  was  presented  at  the  last  winter  meeting  of  this 
Society,  have  been  continued  and  additional  facts  obtained  that  strengthen 
the  conclusion  previously  advanced  in  reference  to  the  drumlins  referred  to 
having  been  produced  by  ice  erosion  of  a  previously  deposited  till  sheet 

A  contour  map  of  a  characteristic  group  of  drumlins  was  exhibited,  which 
illustrated  one  of  the  several  classes  of  irregularities  presented  by  the  drum- 
lins of  Michigan.  In  certain  instances  they  depart  from  the  normal  shape 
and  have  a  straight,  steep  slope  on  one  side.  Dinimlins  showing  this  asym- 
metry are  thought  to  have  been  complete  and  symmetric  In  form  at  one  time, 
but  later  were  partially  removed  by  ice  erosion.  In  the  case  of  one  of  the 
examples  represented  on  the  map  referred  to,  about  one-half  of  a  drumlin,  cut 
parallel  with  its  longer  axis,  appears  to  have  been  removed. 

Attention  will  also  be  invited  to  the  smooth  surface  concave  troughs  which 
occur  between  adjacent  drumlins,  and  in  numerous  instances  are  as  character- 
istic features  of  drumlin  topography  as  the  similarly  smooth,  convex  hills 
they  separate.  Such  *'drumlin  troughs"  are  thought  to  furnish  criteria  for 
recognizing  the  effects  of  ice  erosion  in  moraine  and  till  covered  regions,  where 
the  correlative  convexities  are  absent  or  but  poorly  defined. 

Certain  of  the  drumlins  of  Michigan  are  composed  of  sandy  till  which  is 
without  foliation,  while  other  examples  consist  of  definitely  laminated  clayey 
till.  The  foliation  appears  to  be  due  to  pressure,  and  is  present  or  absent 
according  to  the  nature  of  the  material. 

The  fourth  paper  was 

THE  LEFROY,  A  PARASITIC  GLACIER 
BT   WILLIAM    H.    8HEBZEB 

[Ahstract] 

At  the  head  of  the  Lake  Louise  valley,  Canadian  Rockies,  lies  the  Victoria 
glacier,  which  receives  from  the  southeast  a  tributary  somewhat  over  a  mile  in 
length  and  from  one-third  to  one-half  mile  in  width.  This  tributary  proves 
to  be  double,  the  Lefroy  being  sui^erposed  on  the  Mitre  and  moving  across  it  at 
right  angles.  The  parasitic  Lefroy  is  formed  from  the  ice  and  snow  ava- 
lanched  from  the  eastern  shoulder  of  mount  Lefroy,  and  carries  across  the 
Mitre  the  ground  morainic  material  manufactured  beneath  the  hanging  glacier 
on  mount  Lefroy.  This  material  is  dumped  on  the  eastern  margin  of  the 
Mitre  glacier,  by  which  it  is  delivered  to  the  Victoria  as  though  it  had  come 
from  mount  Aberdeen.  The  discovery  of  this  relation  of  the  Lefroy  to  the 
Mitre  glacier  explains  the  direction  of  the  dirt  zones,  the  presence  of  the 
ground  morainic  material  in  the  right  lateral  of  the  Victoria,  and  its  arrange- 
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and  stratigraphic  relations  are  often  nndetermlned.  Though  these  metamor- 
phic  beds  have  been  subdivided  Into  many  formations,  many  of  these  are  ill 
defined,  and  much  more  detailed  evidence  will  be  required  before  a  definite 
statement  as  regards  the  succession  can  be  made.  Some  of  the  lower  members 
of  this  great  complex  have  yielded  Ordovidan  and  Silurian  fossils,  while  in 
some  of  the  upper  beds  Devonian  fossils  have  been  found.  In  the  Yukon  basin 
and  In  the  panhandle  there  appears  to  be  an  unconformity  near  the  base  of 
the  Devonian,  below  which  the  rocks  are  much  more  highly  metamorphosed. 
The  older  and  more  crystalline  sediments  are  probably  Silurian,  Ordovidan. 
Cambrian,  or  possibly  pre-Cambrian.  The  metamorphosed  elastics  of  south- 
eastern Alaska  include  Devonian  and  Carboniferous,  and  elsewhere  in  the 
province  Devonian  and  Carboniferous  terranes  have  been  found. 

Trlassic  beds  have  thus  far  been  recognized  only  in  the  Copper  River  basin 
and  In  southwestern  Alaska,  while  the  Jurassic  occurs  in  this  district  and  also 
at  cape  Lisbume,  in  northern  Alaska.  The  lower  Cretaceous  is  widely  dl;*- 
tributed  and  includes  the  youngest  beds  known  to  have  suffered  any  consider- 
able metamorphism.  It  appears  that  the  unconformity  separating  the  upper 
and  lower  Cretaceous  horizons  was  of  considerable  extent  The  upper  Cre- 
taceous occurs  in  the  Yukon  basin.  In  southwestern  and  southeastern  Alaska, 
as  well  as  north  of  the  Rockies. 

Of  the  Tertiary  horizons,  the  Eocene  coal-bearing  beds  are  the  only  ones 
which  have  been  found  widely  distributed,  and  these  occupy  no  considerable 
areas.  Miocene  and  Pliocene  beds  appear  to  have  relatively  small  developm^it 
The  Pleistocene  is  represented  throughout  the  province  by  gravels,  sands,  and 
silts,  and  in  the  regions  which  have  been  occupied  by  Ice  by  various  forms  of 
glacial  deposits. 

COBBELATION  TABLE. 

On  the  table  I  have  indicated  the  stratigraphic  succession  in  four  of  the  best 
known  districts  and  suggested  certain  correlations  between  them. 

In  southeastern  Alaska  the  basal  member  consists  of  phyllltes  and  crystal- 
line limestones,  in  part  at  least  of  Silurian  age.  These  are  succeeded  by 
crystalline  limestones  and  slates  of  Middle  Devonian  age.  The  next  horison 
la  a  chert  and  limestone  series,  carrying  lower  Carboniferous  fauna  and  red- 
ing unconformably  on  the  older  rocks.  These  are  succeeded  by  a  complex  of 
phyllltes  and  greenstones,  with  some  limestones,  in  part  at  least  of  Permian 
age.  A  heavy  conglomerate  series,  resting  unconformably  on  the  Paleozoic 
rocks,  represents  the  oldest  Mesozoic  of  this  province,  and  is  probably 
Cretaceous.  These  are  unconformably  overlaid  by  a  soft  sandstone  and  shale 
series.  In  part  of  upper  Cretaceous,  in  part  of  Eocene  age. 

The  extensive  basalt  flows  have  been  provisionally  assigned  to  the  Miocene, 
while  the  Pleistocene  is  represented  by  silts,  sands,  and  gravels,  as  well  as  bj 
glacial  drift. 

Highly  metamorphosed  schists  and  limestones  form  the  oldest  sediments  of 
the  Copper  River  region,  and  are  of  pre-Devonian  age.  These  are  umxin 
formably  succeeded  by  a  massive  conglomerate  and  slate  series,  a&^oriated 
with  volcanic  rocks  which  have  been  provisionally  referred  to  the  Devonlaa 
The  Carboniferous  is  represented  by  a  lower  member,  made  up  of  heavy 
crystalline  limestone,  and  an  upper  consisting  of  many  thousand  feet  of  lime- 
stones, shales,  and  volcanics.    These  are  overlaid  by  a  volcanic  and  limestxme 
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group  of  Triassic  age,  and  on  tbese  the  Kennicott  formation  rests  uncon- 
formably.  The  Tertiary  In  this  district  Is  represented  by  some  small  areas 
of  lignite-bearing  Eocene  sandstone,  and  by  a  great  thickness  of  volcanlcs,  the 
latter  merging  with  those  of  recent  date. 

The  succession  in  the  Yukon  region  has  not  yet  been  well  determined.  It 
appears  that  the  so-called  Birch  Greek  schists  form  the  oldest  sediments,  and 
these  may  rest  on  an  older  gneisslc  complex.  Within  the  schistose  series  occur 
l>eds  of  crystalline  limestone.  In  some  areas  at  least  a  massive  limestone  ap- 
pears to  form  a  higher  member  of  the  metamorphlc  series,  but  this  is  not 
definitely  established.  A  great  thickness  of  greenstones,  with  which  are  inter- 
calated some  Middle  Devonian  limestones,  form  the  next  higher  group,  resting 
unconformably  on  the  older  and  more  highly  metamorphosed  rocks.  In  some 
parts  of  the  basin  a  massive  Carboniferous  limestone  forms  the  next  higher 
member  of  the  succession. 

The  Lower  Cretaceous  is  represented  by  some  calcareous  sandstones  and 
black  slates.  As  in  southeastern  Alaska,  the  upper  Cretaceous  and  Eocene  ap- 
pear to  be  represented  by  an  unbroken  succession  of  sandstones  and  shales.  A 
formation  made  up  of  sands,  clays,  and  gravels  has  been  provisionally  referred 
to  the  Pliocene. 

In  northern  Alaska  Schrader  found  a  series  of  schists  forming  the  basal 
member  of  the  succession,  and  this  overlaid  by  a  massive  crystalline  limestone. 
The  latter,  on  the  evidence  of  a  few  obscure  fossils,  has  been  tentatively  as- 
signed to  the  Silurian.  Both  Devonian  and  Carboniferous  beds  have  been 
found  in  this  region,  but  the  stratlgraphic  succession  is  obscure. 

Lower  Cretaceous  rocks  overlap  the  Paleozoics,  both  north  and  south  of  the 
range,  and  on  the  Arctic  slope  are  succeeded  unconformably  by  Eocene  beds. 
These  in  turn  are  overlaid  by  Pliocene  silts. 

Stbuctube 

The  parallelism  between  the  bed-rock  structures,  the  mountain  ranges,  and 
the  shoreline  has  been  pointed  out.  In  southeastern  Alaska  the  dominant 
structures  trend  northwest  and  then,  near  the  one  hundred  and  fifty-first  merid- 
ian, swing  west  and  south. 

Three  sections  are  presented  to  indicate  some  of  the  larger  structural 
features.  The  first  reaches  from  Controller  bay,  through  the  Chugach  and 
Wrangell  mountains,  to  the  international  boundary.  On  the  coast  of  the  section 
are  indicated  the  closely  folded  Tertiary  beds,  resting  unconformably  on  the 
metamorphlc  sediments  which  make  up  the  Chugach  mountains.  These  latter, 
which  are  probably  in  part  Paleozoic,  are  intensely  deformed.  They  are 
separated  by  a  fault  from  the  broad  syncllne  which  makes  up  the  Wrangell 
mountains.  The  basal  beds  in  this  syncline  are  Carboniferous,  which  are  over- 
laid unconformably  by  Mesozoic  sediments,  and  these  in  turn  are  capped  by 
Tertiary  and  recent  lavas.  Another  fault  cuts  off  the  northern  area  of  the 
syncllne  from  a  broad  belt  of  closely  folded  Mesozoic  sediments.  North  of  the 
Pleistocene  silts,  which  floor  the  Tanana  valley,  the  section  traverses  a  belt 
of  schists  with  which  are  closely  associated  some  gneisslc  rocks.  A  section 
across  the  Alaskan  range  Indicates  a  broad  synclinorium  of  Mesozoic  rocks 
(chiefly  Jurassic)  resting  unconformably  on  Devonian  limestone  on  the  west, 
which  in  turn  rests  on  phyllites  and  cherts,  which  have  yielded  some  Ordovician 
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The  first  paper  presented  was 

OBOLOOY  OF  OTTAWA  AND  ITS  ENVIRONS 
BY   H.   IC.  AMI 

[Abstract] 

For  the  visiting  geologists  a  series  of  lantern  views  were  projected,  sbowing 
the  geologic  features  about  Ottawa;  the  stratigrapbic  succession.  Arcbean 
crystallines,  Potsdam,  Beeknmntown,  Ohazy,  Birdseye,  Black  River.  Trenton, 
Utica,  Lorraine,  Medina,  and  the  Pleistocene  deposits.  The  faunas  of  the  sedi- 
mentaries  were  briefly  considered. 

The  second  paper  was 

NOTES  ON  ARCTIC  GEOLOGY 
BY  ALBERT  P.  LOW 

Remarks  were  made  by  W.  M.  Davis  and  the  author. 
The  third  paper  was 

OLDEST  PRECAMBRIAN  ROCKS 
BY   C.    K.    LEITH 

The  paper  was  discussed  by  A.  C.  Lane,  A.  P.  Coleman,  and  Arthur 
Keith.     It  is  published  in  a  bulletin  of  the  U.  S.  Geological  Survey. 

The  Society  adjourned  for  the  noon  recess,  and  reconvened  at  2.30 
o'clock  p  m,  with  S.  F.  Emmons  in  the  chair. 

The  first  paper  of  the  afternoon  session  was 

GLACIAL  HISTORY  OF  NANTUCKET  AND  CAPE  COD 
BY  J.   H.  WILSON* 

[Ahatraot] 

Late  Wisconsin  ice-sheet  occupied  this  region  with  two  distinct  lobes  •  First 
Nantucket  lobe,  with  three  stages:  a,  Nantucket  stage;  h.  Gape  Cod  stage;  c. 
Gape  God  Lake  stage.  Second.  Long  Island  lobe,  with  two  stages :  a,  Marthas 
Vineyard-Block  Island  stage;  &,  Elizabeth  Islands-Fishers  Island  stage.  The 
Nantucket  lobe  is  shown  to  have  come  probably  from  as  far  as  Newfoundland, 
and  to  have  extended  at  least  150  miles  out  to  sea.  Reasons  for  this  are 
numerous.  Especially  notable  are:  character  of  transported  material,  evi- 
dences of  glacial  erosion  over  the  area  concerned,  direction  of  motion  of  ice, 
and  character  of  the  interlobate  moraine. 


*  Introduced  by  A.  W.  Grabiiu, 
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The  foHowing  topics  are  discussed  in  detail : 

Vantuoket;  preglacial  formations;  interglacial  formations;  the  Sankaty 
Head  deposits;  the  late  Wisconsin  ice-sheet;  the  four  zones  (marginal)  :  1, 
kame  hills ;  2,  fosse ;  3,  ice-contact  slope,  and,  4,  apron  plain.  Detailed  descrip- 
tion of  these  and  tracing  of  ice-contact  slope ;  peculiarities  of  Miacomet  valley ; 
postglacial  deposits  and  changes  in  elevation ;  associated  phenomena  of  Marthas 
Vineyard  and  Block  inland. 

Upper  cape  Cod  and  associated  phenomena  of  Elizabeth  islands  and  Fishers 
island. 

Cape  Cod  lake  (third  stage  of  Nantucket  lobe)  ;  lower  cape  Cod;  the  sand 
plains  of  Eastham,  Welltleet, 'Highlands,  and  Truro;  the  morainal  dam;  the 
cols  or  outlets,  the  three  stages  of  the  lake:  1,  Wellfleet;  2,  Highlands;  3, 
Truro;  sununary. 

The  paper  has  been  published  as  volume  i,  Geological  Series,  Columbia 
University  Press. 

Bemarks  were  made  by  A.  C.  Lane. 

The  second  paper  was 

lOE  BORNB  SBDIMBNTB  IN  MINA8  BABIN 
BY  J.  A.  BANOBOFT* 

In  absence  of  the  author  the  following  paper  was  presented  in  abstract 
by  W.  M.  Davis : 

GEOLOGY  OF  THE  LOWER  COLORADO  RIVER 
BY  WILLIS  T.  LEE 

Comments  were  made  by  Professor  Davis.     The  paper  is  printed  as 
pages  276-284  of  this  volume. 
The  next  paper  was 

CRBTAOEOUB   SECTION  IN   THE   MOOBE   MOVNTAINB   DIBTRIOTB,   SOUTHERN 

ALBERTA 

BY  D.   B.   DOWLTNGt 

The  paper  is  printed  as  pages  295-302  of  this  volume. 
The  following  paper  was  presented : 

GEOLOGY  AND  PALEONTOLOGY  OF  NORTHERN  CANADA 
BY  H.  M.  AMI 

The  paper  contains  notes  bearing  on  the  collection  recently  obtained  by  Com- 
mander A.  P.  Low,  of  the  Geological  Survey  of  Canada,  in  northern  Canada, 

*  Introduced  by  F.  D.  Adams. 
t  Introduced  by  H.  M.  Ami. 
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during  1003  and  1904;  the  faunas  determined  and  the  geological  borizons  to 
which  they  are  referable,  together  with  correlations  of  results  in  previous  ex- 
plorations. The  pai)er  is  illustrated  with  specimens  from  Beechy  island,  Lan- 
caster sound,  and  other  localities. 

The  following  paper  was  read,  in  absence  of  the  author,  by  J.  P.  Kemp : 

TYPES  OF  BBDIMBVTARY  OVERLAP 
RY  A.  W.  OBABAU 

Remarks  were  made  by  H.  M.  Ami  and  C.  W.  Hayes.  The  paper  is 
printed  as  pages  567-636  of  this  volume. 

The  next  paper  was 

GILBERT  GULF  (MARINE   WATERS  IN  ONTARIO  BASIN)* 
BY  H.  L.  FAIBCHILD 

That  all  the  shorelines  of  the  extinct  glacial  lakes  In  the  Laurentian  baslD 
have  now  an  upward  slant  in  northward  directions  is  a  well  known  fact  of 
observation.  Another  long  recognized  fact  is  the  occurrence  of  marine  deposits 
of  Pleistocene  age  in  the  Champlain  and  Ottawa  valleys,  a  whale  skeleton  beln^ 
found  as  far  inland  as  Welchs  siding  (near  Smiths  Falls),  some  30  miles  north- 
west of  Ogdensburg.  If  the  tilt  is  due  to  northward  uplift  and  not  to  south- 
ward do^^mthrow,  it  follows  that  the  altitude  of  the  land  surface  at  any  point 
was,  during  the  life  of  those  lakes,  as  much  below  the  present  height  as  the 
amount  of  differential  uplift.  From  the  above  facts  and  principle  it  has  lon^ 
been  recognized  that  the  carrying  down  of  the  deformed  planes  of  the  ancient 
lakes  to  horlzontality  would  carry  the  head  of  the  Saint  Lawrence  valley  far 
below  sealevel.  The  conclusion  follows  that  when  the  Labradorian  fce-sbeet 
melted  away  from  the  upper  Saint  Lawrence  valley  the  sealevel  waters  spread 
westward  through  the  straits  at  the  Thousand  islands  and  occupied  the  Ontario 
basin ;  and  the  studies  of  Gilbert,  Coleman,  Spencer,  Taylor,  and  others  seem  to 
have  made  the  theoretical  conclusion  a  certainty. 

The  sequence  of  events  would  seem  to  have  been  as  follows :  While  the  ice- 
body  was  blocking  the  upper  Saint  Lawrence  valley  the  waters  in  the  Ontario 
basin  were  held  up  to  the  level  of  Rome  and  forced  to  outflow  to  the  Mohawk- 
Hudson;  but  when  the  Ice  waned  on  the  north  slope  of  the  Adlrondacks  and 
opened  passes  lower  in  altitude  than  the  Rome  outlet,  the  Ontario  waters  (lake 
Iroquois)  were  diverted  to  the  northern  escape  and  flowed  out  to  the  Champlain 
valley.  The  rivers  draining  the  sub-Iroquois  waters  must  have  washed  the 
ice-front,  and  must  have  shifted  their  position  to  lower  and  lower  levels  as  the 
ice-front  backed  a^vay  on  the  north-facing  slope.  The  existence  of  such  ice- 
Iwrder  or  proglacial  river  channels  on  the  north  and  northeast  flanks  of  the 
Adirondack  massif  was  determined  by  Doctor  Gilbert  some  years  ago,  and  the 


•  By  permission  of  the  New  York  State  Geologist. 
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Figure  1. — aUbert  Gulf  Shore  Features. 

Cliffs,  bars,  and  spits  east  of  lalce  Ontario,  south  of  Henderson.     Part  of  the  Sacketts 
Ilarbor  topographic  sheet  somewhat  reduced. 


714  PROCEEDINGS  OF  THE  OTTAWA  MEBTINQ 

features  have  been  described  by  Professor  Woodworth  for  tbe  Mooers  quad- 
rangle.* 

Doctor  Gilbert  had  also  noted  shore  phenomena,  cliffs  and  bars,  in  the  dis- 
trict east  of  lake  Ontario  which  he  regarded  as  the  work  of  the  sealerel  waters. 
These  were  subsequently  seen  by  the  writer,  and  in  the  summer  of  1906  these 
supposed  marine  features  were  traced  with  some  care  from  a  point  on  the 
Ontario  shore  a  mile  northeast  of  the  hamlet  Texas,  and  about  14  miles  north- 
east of  Oswego,  northward  to  near  Henderson  village,  through  a  stretch  of 
about  21  miles. 

Throughout  this  district  the  cliffs,  spits,  and  bars  are  well  developed,  as 
shown  in  figures  1  and  2.  The  approximate  altitudes  of  the  features  are  in- 
dicated by  the  map  contours.  The  spit  near  Texas  is  about  16  feet  oyer  the 
lake,  or  262  feet  above  tide.  The  highest  bars  in  the  region  of  Henderson  are 
from  310  feet  to  320  feet  altitude.  The  lower  may  not  represent  the  full 
height  of  the  water  surface,  as  they  were  built  out  some  distance  from  the 
shoreline  and  are  not  very  coarse  material.  The  spit  at  Texas  is  very  coarse 
material  and  probably  Is  a  storm  beach;  but,  taking  the  features  as  they  lie. 
the  rise  of  53  :j=  feet  in  21  miles  of  right  line  distance  shows  a  deformation  of 
at  least  2.5  feet  per  mile. 

The  bars  occur  at  various  levels,  beneath  the  highest  one,  down  to  the  presoit 
lake.  This  is  to  be  expected  of  the  work  of  marine  waters  here,  because  the 
change  of  level  in  relation  to  the  land  surface  was  due  to  continental  uplift 
which  was  a  process  sufficiently  slow  to  allow  effective  wave  work  at  all  infe- 
rior altitudes.  It  might  not  unreasonably  be  expected  that  shore  phenomena 
would  be  found  at  levels  intermediate  between  the  Iroquois  b^ch  and  these 
supposed  marine  beaches,  which  should  represent  the  long  pauses  In  the  lower- 
ing of  the  sub-Iroquois  waters  while  the  overflow  was  cutting  the  rock  chan- 
nels near  the  north  border  of  the  State ;  but  such  features  do  not  occur,  though 
wave-swept  areas  of  limestone  are  found. t  In  the  beaches  under  discussion  we 
apparently  have  the  effects  of  wave-work  at  planes  of  water  level  much  more 
enduring  than  was  possessed  by  the  sub-Iroquois  waters  with  shifting  outlets. 

The  positive  proof  that  these  beaches  were  made  at  sealevel  would  be  the 
finding  within  them  of  marine  fossils.  Casual  search  has  not  yet  discovered 
any  fossils  of  either  fresh  or  salt  water.  However,  the  absence  of  fossils  would 
not  be  conclusive;  and  even  the  presence  of  fresh-water  shells  might  not  be 
positive  proof  against  sealevel  attitude,  as  it  might  be  held  that  the  long  and 
narrow  Saint  Lawrence  strait  and  the  outflow  of  copious  glacial  waters  might 
prohibit  the  inflow  of  salt  water.  It  seems  likely,  however,  that  the  strait  was 
sufficiently  deep  (more  than  150  over  the  present  river  surface)  and  sufficiently 
wide  (many  miles  after  the  ice-front  backed  away)  to  allow  the  waters  to  be- 
come at  least  brackish. 

Whether  the  waters  which  produced  these  beaches  were  open  to  the  sea  or 
not,  they  deserve  a  distinctive  name.    They  are  neither  Iroquois  nor  Ontario. 


•  J.  B.  Woodworth :  Pleistocene  peolopry  of  the  Mooers  quadrangle.  Balletin  83 
(geology  7),  New  York  State  Museum,  1905. 

f  In  the  falling  of  the  glacial  waters  In  central  New  York  from  the  Warren  to  tk» 
Iroquois  level,  or  from  880  to  440  feet,  only  one  pause  has  been  found  of  sufficient 
endurance  to  produce  conspicuous  shoreline  features,  that  of  lake  Dana  at  700  feet 
although  capacloaa  rock  canyons  were  cut  in  the  district  of  Byracaae. 
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Cliffs  and  bars  east  of  lake  Ontario,  west  of  Mannsrllle  and  Sandy  creek.    Part  of  the 
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The  sealevel  attitude  Is  so  nearly  a  certainty  that  the  term  "guir'  seems  appro- 
priate, and  the  water  Is  named  after  Doctor  Grove  Karl  Qilbert,  who  was  the 
first  geologist  to  note  the  beaches  and  appreciate  their  significance,  and  who  has 
had  special  interest  in  and  knowledge  of  the  Pleistocene  features  in  the  Ontario 
basin. 

After  mapping  the  shore  features  shown  In  figures  1  and  2  the  plane  of  the 
water  surface  was  projected  northward,  and  it  was  calculated  that  it  would 
lie  on  the  highest  ground  near  Clayton,  and  specially  on  a  hill  4  miles  south- 
west of  the  village.  A  visit  was  made  to  the  locality  and  the  shore  features 
found  precisely  as  expected.  These  are  shown  in  figure  3.  The  "hogback'* 
hill  carries  remarkably  strong  spits  and  cllfl^s,  and  good  bars  at  corresponding 
levels  occur  on  the  east  If  the  contour  of  440  feet  on  the  hill  summit  is  cor- 
rect, then  the  shore  features  have  an  altitude  of  about  400  feet  Grood  bars 
are  found  3  miles  south  of  Clayton  on  the  400-foot  contour.  Two  miles  south- 
west of  the  village,  on  the  road  to  the  "hogback"  hill,  is  a  hill  by  the  Tieman 
comers  with  good  spits  and  cliffs  at  about  350  to  360  feet,  by  the  map,  and 
west  of  the  corners  is  a  gravel  plain  more  than  a  mile  long  with  map  altitude 
of  380  feet 

On  the  supposition  that  the  highest  shore  features  represent  the  work  of 
marine  waters,  we  conclude  that  the  total  uplift  of  the  land  at  Clayton  has 
been  400  feet  since  the  initiation  of  the  Gilbert  gulf.  Taking  the  altitude  of 
the  water  plane  soutliwest  of  Clayton  as  400  feet  and  the  distance  to  the  Texas 
spit  as  46  miles,  we  find  the  gradient  to  be  3  feet  per  mile  in  direction  6  decrees 
east  of  north.  This  suggests  that  the  tilting  is  steeper  toward  the  north,  which 
is  confirmed  by  an  examination  of  the  planes.  The  stretch  from  Texas  to 
near  Henderson  gives  2.5  feet  per  mile.  The  stretch  from  the  latter  point  to 
the  "hogback"  hill  gives  400  —  315^25.5  =  3.3  feet  per  mile. 

It  is  important  to  compare  these  gradients  with  those  of  correiqwnding  sec- 
tions of  the  Iroquois  shoreline,  which  lies  nearly  parallel  and  only  5  to  9  miles 
distant  on  the  east  The  section  from  Richland  to  Adams  compares  well  in 
direction  and  position  with  the  Gilbert  Gulf  beach  from  Texas  to  near  Hender- 
son, and  the  gradient  is  040  —  566  -^  17  =  4.4  feet  It  appears  that  this  is 
nearly  twice  the  tilt  of  the  marine  plane.  From  Adams  to  Farrs  (3  miles 
east  of  Watertowu),  but  in  a  direction  more  northeasterly,  the  gradient  Is 
740  —  640^14.5  =  6.9  feet  per  mile.  This  also  is  about  twice  that  of  tbs 
marine  plane  north  of  Henderson.  The  entire  distance  between  Rlcblaod 
Junction  and  Farrs  gives,  740  —  566  -h  30  miles  =  5.8  feet  per  mile,  which  is 
almost  double  the  grade  of  the  marine  plane  from  Texas  to  Clayton.  Making 
allowance  for  uncertainty  In  the  relation  of  the  several  datum  points  to  the 
water  planes  and  for  the  short  distances  involved,  the  harmony  in  the  quantita- 
tive relations  of  the  two  shorelines  is  striking.  It  appears  that  the  deforma- 
tion of  the  Iroquois  shore  is  Just  about  twice  that  of  the  marine  shore.  In 
other  words,  one-half  of  the  post-Iroquols  deformation  occurred  in  the  time 
between  the  formation  of  tlie  tw^o  beaches,  and  the  other  half  since  the  upper 
marine  beaches  were  deserted.  This  seems  disproportionate,  as  the  fall  from 
Iroquois  to  Gilbert  gulf  was  only  a  downdraining  of  the  lake  waters  through 
perhaps  230  feet  of  vertical  distance,  while  the  uplift  of  the  land  at  Clayton 
has  been  an  exceedingly  slow  movement  through  400  feet  We  conclude  either 
that  the  draining  down  of  the  sub-Iroquois  waters  covered  a  very  long  time. 
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FiGUBB  3. — Oilbert   Oulf  Shore  Features. 

,    l>fl.rs,    spits,  and  sand-plain  near  Clayton.     Part  of  the  Clayton  topographic  sheet 

slightly  reduced. 


718  PfiOCBSDtKQB  OF  THS  OTTAWA  MffiSTlNd 

yet  forming  no  beaches,  or  that  the  land  tilting  was  mnch  more  rapid  daring 
that  time  than  during  the  later  time. 

Professor  Woodworth  concludes  that  the  highest  marine  level  is  shown  at 
Covey  Hill,  on  the  northern  boundary  of  the  state,  at  450  feet  altitude.  This 
is  quite  definite,  as  the  higher  slopes  show  only  the  earlier  work  of  streams 
carrying  the  sub-Iroquols  waters.  In  1882  a  whale  skeleton  was  found  in  a 
gravel  pit  at  Welchs  siding,  north  of  Smiths  Falls,  in  Ontario,  and  about  30 
miles  northwest  of  Ogdensburg.  The  altitude  of  the  gravels  has  been  given  as 
440  feet,^  and  Taylor  has  told  the  writer  that  he  estimated  the  possible  upper 
limit  of  marine  work  as  about  460  feet  The  latter  point  is  only  a  few  miles 
south  of  the  parallel  of  Ck>vey  Hill,  and  the  altitudes  indicate,  what  has  already 
been  inferred  from  Iroquois  and  other  lake  levels  in  New  York,  that  the  iso- 
basal  lines  in  this  region  trend  north  of  east  and  south  of  west. 

Welchs  siding  is  48  miles  from  the  "hogback"  hill  and  in  direct  continuation 
of  the  line  from  the  Texas  spit  The  uplift  between  the  "hogback"  and  Welcha, 
according  to  the  above  data,  is  1J25  feet  per  mile.  Making  all  possible  allowance 
for  the  uncertainty  in  the  figures  for  the  water  levels,  it  seems  certain  that 
the  rate  of  uplift  diminishes  north  of  Clayton.  The  deformation  of  the  eastern 
Ontario  region  seems  to  be  an  irregular  warping,  with  the  steepest  slopes  east 
of  the  present  lake. 

The  paper  was  diBcussed  by  H.  M.  Ami,  W.  M.  Davis,  0.  C.  Lane,  J.  F. 
Kemp,  and  the  author. 

DISCOVERY  OF  THE  SCHOHARIE  FAUNA  IN  MICHIGAN 
BT  A.  W.  ORilBAU 

[Abstract] 

During  the  past  season's  field  work  a  typical  Schoharie  fauna  was  discovered 
In  northern  lower  Michigan.  The  locality  is  at  Mill  creek,  4  miles  east  of 
Mackinac  city.  The  outcrops  on  the  stream  are  more  or  less  continuous 
from  a  short  distance  south  of  the  mouth  of  the  stream  to  the  top  of  the 
terrace  along  the  base  of  which  runs  the  highway.  The  lower  beds  are  mag- 
nesian  calcilutytes,  followed  by  calcarenytes  in  which  the  fauna  occurs.  Two 
analyses  of  the  rock  from  different  points  show : 

1.  CaCOg 66.12     MgCO, 41.e6 

2.  CaCOg 69.16     MgCO, 27.94 

Some  of  the  lowest  beds  exposed  run,  however,  as  liigh  as  94.68  per  cent 
CaCO,  and  2.93  per  cent  MgCO,. 

The  outcrops  containing  the  Schoharie  fauna  are  all  near  the  Michigan 
Central  railroad  crossing.  The  fossils,  while  not  well  preserved,  on  the  whole 
are  nevertheless  characteristic. 

The  following  ten  species  were  obtained : 

Trochoceras  clio;  range,  Schoharie. 

Atrypa  impressa;  range,  Schoharie. 


•  A.  P.  Coleman :  Marine  and  f  reeh-water  beachee  in  Ontario.     BuU.  GeoL  Soe.  Abl. 
vol.  12,  p.  188. 


SCHOHARIE  FAUNA  IK   MlCHtGAN  719 

Uerisiella  naauta;  range,  Schoharie  to  Onondaga  or  Hamilton. 

Stropheodonta  demissa;  range,  Schoharie  to  Hamilton. 

^Pentamervlla  arata;  range,  Schoharie  to  Onondaga. 

Rhipidomella  alsa;  range,  Schoharie. 

Stenochisma  cf.  Carolina;  range,  Onondaga  of  northern  Ohio  and  falls  of 
Ohio. 

Phacops  cristaia,  Schoharie  to  Onondaga. 

Proetus  latimarginatus,  Schoharie. 

Dalmanitea  cf.  anchiopa,  Schoharie  to  Onondaga. 

No  typical  Onondaga  species  occurs  In  the  fauna,  but  all  are  typical  Scho- 
harie, though  a  number  range  up  into  the  Hamilton.  There  can,  then,  be  no 
doubt  that  this  is  a  typical  Schoharie  fauna,  and  that  the  beds  containing  it 
are  of  Schoharie  age,  rather  than  Onondaga,  as  generally  held.  These  beds 
are  overlain  by  purer  calcarenytes  of  Onondaga  age.  ranging  96  per  cent  or 
over  in  CaCOt.  The  higher  beds  are  brecciated,  forming  a  typical  calcirudyte 
like  that  of  Mackinac  island.  It  is  believed  that  the  beds  with  the  Schoharie 
fauna  are  the  lowest  of  the  series,  and  that  the  Monroe  (Upper  Siluric)  beds 
underlie  them.  Since  the  beds  of  Mackinac  island  contain  an  Onondaga  fauna, 
it  is  evident  they  can  not  be  lower  than  those  of  Mill  creek,  but  the  equivalent 
of  the  higher  (brecciated)  beds  of  that  locality.  Hence  there  is  a  decided 
flattening  of  the  dip,  so  that  beds  at  150  feet  above  the  water  level  at  Macki- 
nac island  appear  on  the  main  coast  at  the  level  of  the  lake.  Instead,  then,  of 
a  dip  of  about  30  feet  to  the  mile,  or  of  40  feet  as  it  is  farther  east,  the  dip 
here  is  only  15  feet  to  the  mile  or  even  less. 

The  matter  of  the  paper  will  be  published  in  the  geological  reports  of 
the  state  of  Michigan. 

The  remaining  papers  of  the  program  were  presented  by  title,  as 
follows : 

UTHOLOGICAL  CHARACTER  OF  THE  VIRGINIA  GRANITES 
BY  THOMAS  LEONARD  WATSON 

The  paper  is  printed  as  pages  523-540  of  this  volume. 

RELATION    OF    CELESTITE-BEARIS'G    R0CK8    TO    OCCURRENCES    OF   SULPHUR 
AND  SULPHURETTED  WATERS 

BY  ED  WARD  H.  KBAUS 

NEW  SPECIES  OF  SODA-ALUMINA  PYROXENE 

BY  8.  WEIDMAN 

ORIGIN  OF  LEACHED  PHOSPHATES 

BY  C.  H.  HITCHCOCK 

GRADED  SURFACES 

BY  F.  P.  GULLIVEB 
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CALABRJAN  EARTHQUAKE  OF  SEPTEMBER  8,  IBM 
BY  WIIXIAM   HERBERT  H0BB8 

[Abstract] 

The  Calabrlan  earthquake  of  September  8,  1905,  was  the  most  severe  in  that 
seismically  classical  region  for  more  than  a  century,  and  its  relations  to  the 
lineaments  of  the  Calabrlan  peninsula  are  most  interesting.  The  losses  to  life 
and  property  as  reported  to  the  writer  by  the  Ministry  of  the  Interior  of  the 
Italian  Government*  were  as  given  in  the  following  table : 


Province. 


CoHenzu 

(Entail  zAro , 

Keggio  Calabria.. 


Number 

of  persons 

killed 


47 

481) 

2 


Number 
wounded. 

Property  losses 
in  Italian  lire. 

222 

1,598 

B7 

1.877 

20,500,000 
20,500.000     ^ 
7,000,0011 

48,000,000 

Early  in  the  following  October  all  sections  of  the  afflicted  region  were  visitofl 
by  the  writer,  and  attention  was  devoted  especially  to  the  distribution  of  dam- 
age to  determine  the  relation  of  the  destructive  force  of  the  shocks  to  the 
toi)ographic  features  and  the  geologic  structure. 

In  Monteleoue,  a  city  of  13,000  inhabitants,  located  near  the  center  of  the 
affected  region,  the  buildings  along  a  single  street  were  leveled  by  the  stiocl^s, 
whereas  elsewhere  in  the  city  all  houses  remained  standing.*  The  direction 
of  this  street  extended  intersected  ruiueil  villages  in  the  paesc.  With  the  clue 
afforded  by  this  interesting  observation,  application  for  further  information 
was  made  at  the  military  headquarters  of  the  forces  engaged  in  succoring  tlie 
afflicted  people.  General  Ferrario  exhibited  to  the  writer  a  large  scale  topo- 
graphic map  of  the  region,  upon  which  had  been  plotted  the  data  of  detailed 
reports  from  subordinate  commands,  and  which  revealed  by  spots  of  two 
different  colors,  first,  the  communes  which  had  sustained  damage,  and,  second, 
those  which  had  been  largely  wrec*ked  and  in  which  there  was  the  direst  dis- 
tress. The  dense  population  of  Calabria  made  tliis  map  one  of  very  great 
interest,  for  a  network  of  destructive  zones  was  apparent  and  had  been  recog- 
nized by  the  staff  officers.  The  straight  elements  of  tliis  network  were  marked 
topographic  features  and  in  many  instances  well-known  fault-lines. 

The  field  work  completed,  a  study  of  the  unusually  complete  earthquake 
records  of  Calabria — records  extending  over  three  centuries — ^was  undertaken 
at  Rome  and  yielded  the  following  general  conclusions: 

First  The  same  communes  have  been  either  repeatedly  damaged  by  earth- 
quakes or  have  remained  unscathed.  To  each  a  figure  may  be  assigned  to 
indicate  in  a  roughly  made  scale  its  itjlative  seismlcity. 

Second.  The  seismically  prominent  communes  are  arranged  in  lines — »ei*- 
motectonic  lines — corresiX)nding  in  position  to  those  revealed  by  the  damage 


*  Through  the  kind  offices  of  the  American  Kmbftasador  at  Rome. 

t  It  was  afterward  ascertained  that  the  houses  upon  this  street  bad  been  the  flnt  to 
be  leveled  by  the  terrible  earthquake  of  17S3. 


eu^j..  G€CL,  sec.  *v 


FiM  f:r  1. — iNTKRioB  View  of  Cratee 


Fhjiui-:  •-'. LxKK  in  IJottom  ok  Cindku  Com:  shown  in  FKiURE  1 

CRATER  SALT-LAKE 
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map  of  the  earthquake  of  1905,  and  these  lines  are  prominent  lineaments  and 
in  many  cases  known  faults. 

Third.  The  communes  of  highest  seismlcity  lie  at  the  intersections  of  seis- 
motectonic  lines. 

Fourth.  Within  an  area  common  to  the  destructive  territory  of  three  catas- 
trophic earthquakes  (1659,  1783,  and  1905)  whose  "centrums"  were  widely 
separated,  the  distribution  of  damage  was  essentially  the  same — ^the  included 
communes  maintained  the  same  relative  position  as  regards  the  damage  sus- 
tained. 

From  these  facts  it  appears  that  earthquakes  have  no  centrum  as  this  term 
is  ordinarily  understood,  but  in  so  far  as  so-called  epicenters  are  positions  of 
greatest  intensity  of  shocks,  they  are  numerous  and  habitual  and  correspond 
to  the  intersection  of  fissure  planes  projected  upon  the  surface.  It  also  ap- 
pears that  shocks  of  earthquakes  below  X  in  the  Rossi-Forel  Scale  are  im- 
potent to  wreck  well  constructed  buildings  at  distances  of  a  mile  or  more 
fi'om  the  fissure  planes. 

When  the  investigation  was  about  completed  there  appeared  the  epoch- 
making  work  of  the  Count  de  Montessus  de  Ballore*  upon  the  distribution  of 
seismicity  and  its  relation  to  topography  and  geology — "seismic  geography." 
Upon  a  large  scale  adapted  to  the  methods  used.  Major  de  Montessus  has  located 
the  habitual  epicenters  for  all  earthquake  provinces  of  the  globe.  Applying 
the  methods  discovered  in  Calabria  to  the  maps  of  de  Montessus,  it  is  found 
that  almost  throughout  the  habitual  epicenters  are  the  intersections  of  im- 
portant lineaments. 

A  special  study  has  been  made  of  the  eastern  United  States  and  Canada  on 
the  basis  of  data  supplied  by  de  Montessus,  and  it  is  found  that  the  habitual 
epicenters  of  this  large  region  are  the  intersections  of  the  grand  lineaments  as 
they  have  already-  been  plotted*  with  others  brought  to  light  by  a  considera- 
tion of  the  steep  walls  of  the  continental  shelf.  The  full  reports  are  to  appear 
as  heft  2  of  volume  viii  of  the  BeitrU^ge  zur  Geophysik,  the  journal  of  the 
International  Seismological  Association. 

OVADIX  FORMATION  OF  GRANADA,  SPAIN 
BY  WILLIAM  H.  HOBBS 

This  paper  is  printed  as  pages  285-294  of  this  volume. 

VOLCANIC  CRATERS  IN  THE  SOUTHWEST 
BY  CHARLES  B.  KEYES 

Several  years  ago  Mr  G.  K.  Gilbert  aroused  considerable  interest  among 
scientists  by  the  announcement  that  he  had  visited  in  Arizona  a  large  crater, 
depressed  below  the  level  of  the  plains,  about  which  large  numbers  of  meteoric 
masses  had  been  found.  The  main  hypothesis  considered  regarding  the  origin 
of  the  depression  was  that  of  a  large  meteorite  striking  the  earth  at  this 
point.    The  phenomenon  is  thus  described  :♦ 


*  Lea  tremblements  de  terre,  Paris,  1906. 

*  Lineaments  of  the  Atlantic  border  region.     Bull.  Geol.  Soc.  Am.,  vol.  16,  1904,  pp. 
483-COC,  plB.  45-47. 

*  Presidential  address  before  Geological  Society  of  Washington,  1896. 
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''In  northeastern  Arizona  there  is  an  arid  plain  beneath  whose  scanty  soil 
are  level  beds  of  limestone.  At  one  point  the  plain  is  interrupted  by  a  bowl- 
shaped  or  saucer-shaped  hollow,  a  few  thousand  feet  broad  and  a  few  hundred 
feet  deep ;  and  about  this  hollow  is  an  approximately  circular  rim,  rising  100 
or  200  feet  above  the  surface  of  the  plain.  In  other  words,  there  is  a  crater ; 
but  the  crater  differs  from  the  ordinary  volcanic  structure  of  that  name  in 
that  it  contains  no  volcanic  rock.  The  circling  sides  of  the  bowl  show  lime- 
stone and  sandstone,  and  the  rim  is  wholly  composed  of  these  materials.  On 
the  slopes  of  this  crater  and  on  the  plain  round  about  many  pieces  of  Iron 
have  been  found,  not  Iron  ore,  but  the  metal  itself,  and  this  substance  is 
foreign  to  the  limestone  of  the  plain  and  to  all  other  formations  of  the  region. 
The  features  of  the  locality  thus  include  three  things  of  unusual  character 
and  requiring  explanation:  Flrat,  the  crater  composed  of  non-volcanic  rock; 
second,  the  scattered  iron  masses;  third,  the  association  of  crater  and  Iron. 
To  account  for  these  phenomena  a  number  of  theories  have  been  suggested. 

"More  precisely,  the  locality  is  a  few  miles  south  of  the  station  of  Canyon 
Diablo  and  directly  west  of  Winslow,  on  the  Atlantic  and  Pacific  division  of 
the  Santa  Fe  railroad.    The  locality  is  known  as  Coon  butte.** 

It  is  unnecessary  at  this  time  to  go  into  further  detail  of  Mr  Gilbert's  Inter- 
esting discussion.  Suffice  it  to  say,  while  evidences  of  extensive  volcanic  action 
are  abundant  in  the  region,  tliere  are  no  lava  flows  or  volcanic  materials  in 
the  immediate  vicinity  of  Coon  butte.  The  fact  of  the  entire  absence  of  vol- 
canic materials  was  the  chief  reason  that  the  falling  star  iiypothesis  appeared 
so  attractive. 

There  are  in  northeastern  Arizona  and  New  Mexico  myriads  of  volcanic 
cones.  Many  of  these  are  symmetrical  cinder  cones ;  some  are  low  lava  cones ; 
some  are  cinder  cones  with  breached  craters  from  which  basalt  flows  extend 
for  several  miles;  some  are  the  centers  from  which  the  country  has  been 
flooded  with  lava  for  many  miles  all  around.  A  number  of  these  volcanic 
vents  display  evidences  of  dry  explosive  action.  To  one  of  these  special  atten- 
tion is  called,  for  the  reason  that  it  is  similar  to  Coon  butte  in  every  re^>ect, 
as  described  by  Mr  Gilljert,  except  that  from  the  bottom  of  the  crater  rise  two 
small  cinder  cones.  This  locality  Is  known  as  Crater  salt-lake  and  is  In  the 
western  part  of  Socorro  county,  in  New  Mexico  (plate  80,  figure  1).  The  bot- 
tom of  the  crater  is  a  salt-lake,  whence  the  name.  In  this  respect  it  also  differs 
from  the  Coon  Butte  crater.  A  geological  cross-section  of  the  Crater  salt-lake 
is  represented  in  the  diagram  below  (figure  1). 


Figure  1. — Oeologicul  Croaa-sectian  of  Crater  Salt-lake, 

Within  the  crater  of  the  small  cinder  cone  which  rises  out  of  the  bottom  of 
the  lake  there  was  formerly  a  diminutive  lake,  which  is  shown  in  the  accom- 
panying view  (plate  80,  figure  2). 

The  important  feature,  however,  of  Crater  salt-lake  is  that  it  displays  a 
stage  in  its  formation  that  is  wholly  wanting  in  the  case  of  Coon  butte.  Con- 
clusive evidence  is  here  furnished  that  the  craters  in  plains  are  the  result  of 


9  o 

5B  C 

=r  Z 

o  H 

2  O 

o  > 


5    o 


o 

c 


BULL.  GEOL.  SOC.  AM. 


VOL.   17.   1905.  f>^.  '3 


CENTRAL  PLUG  OF  MOUNT  CAPULIN 
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the  explosiye  action  of  local  vulcanism.  Tf  they  were  located  anywhere  but 
in  an  arid  region,  they  would  alw^ays  be  filled  with  water.  Now  they  are 
either  dry  or  are  salt  lakes  in  the  last  stage  of  desiccation. 

Crater  salt-lake  lies  between  200  and  300  feet  below  the  rim.  It  is  excavated 
from  sandstones  of  Cretaceous  age,  while  Coon  butte  crater  is  hollowed  out  of 
Carboniferous  limestones.  Crater  salt-lake  is  bordered  all  around  by  a  broad 
zone  of  unconsolidated  pyroclastic  material.  From  one  side  also  extends  a 
narrow  basalt  flow. 

In  the  region  are  other  stages  of  volcano  building.  There  are  low  volcanic 
cones  in  which  the  amount  of  fine  dry  material  blown  out  has  nearly  covered 
up  all  evidences  of  disturbances  in  the  indurated  strata  beneath.  Some  craters 
of  similar  cones  have  also  lava  flows  miles  in  length.  The  single  basaltic 
stream  from  Maxwell  cone,  north  of  Las  Vegas,  extends  a  distance  of  30 
miles.  From  a  small  crater  in  the  bolsou  plain  lying  between  the  Jlcarilla 
and  Oscura  mountains,  in  central  New  Mexico,  a  lava  stream  2  to  4  miles 
wide  follows  the  central  depression  of  the  plain  a  distance  of  over  50  miles. 

The  most  majestic  of  these  dry  eniptions  Is  mount  Capulin,  in  northeastern 
New  Mexico  (see  plate  81).  This  is  a  lofty  cinder  cone  2.500  feet  high,  with  a 
crater  half  a  mile  across  and  500  feet  deep.  Plate  82  is  a  view  taken  from  one 
side  of  the  rim,  and  plate  83  a  near  view  of  the  central  plug  of  lava  at  the 
bottom  of  the  crater.  A  view  of  other  cones  in  the  vicinity  as  seen  from  the 
top  of  the  mountain  and  of  the  lava  fields  is  sho\STi  in  plate  84. 

Mount  Capulin  is  far  more  imposing  than  Vesuvius.  In  the  fine,  light, 
scoriaceous  material  of  which  it  is  mainly  composed  one  sinks  knee-deep  in 
climbing  its  steep  sides.  On  the  southwest  side  the  crater  wall  is  breached 
and  the  heavy  lava  flow  extends  for  many  miles  around.  In  the  bottom  of 
the  crater  the  old  plug  of  solid  lava  is  well  displayed. 

Mount  Capulhi  is  as  fresh  in  appearance  today  as  is  Vesuvius.  There  is  a 
local  tradition  that  the  mountain  was  in  action  as  late  as  1812.  If  this  is  so. 
It  is  the  latest  volcanic  eruption  In  the  United  States.  The  tw^ln-cratered 
Sierra  Grande,  15  miles  to  the  east  of  mount  Capulin  and  rising  much  higher 
(11,000  feet  above  tide),  is  reported  to  still  show  signs  of  dying  activity,  and 
the  heat  In  the  craters  is  sufficient  to  melt  the  falling  snow. 

From  Coon  butte,  through  Crater  salt-lake  and  a  host  of  nameless  craters, 
to  mount  Capulin  are  represented  all  the  stages  of  dry  explosive  action  of 
volcanic  forces.  Coon  butte  stands  at  one  extreme,  mount  Capulin  at  the  other. 
In  Coon  butte  we  find  the  first  stage  of  volcano  construction — a  stage  rarely 
met  with.  Crater  salt-lake  represents  a  more  advanced  stage  and  is  equally 
unique. 

The  two  following  papers,  which  were  presented  under  the  title 
Hawaiian  Notes,  are  printed  as  pages  469-49G  of  this  volume. 

GEOLOGY  OF  DIAMOXD  HEAD,  OAHU 
BY  C.   H.   HITCHCOCK 
MOHOKEA  V. {LDE AM 
BY   C.    H.    HITCHCOCK 
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ALGOXKIA.y  FORMATIONS  OF  yORTHWESTERN  MOST  AX  A 
BY  CHABLE8   D.   WALCOTT 

The  paper  is  printed  as  pages  1-28  of  this  volume. 

PALEOOEOGRAPHY  OF  SAINT  PETER  TIME 
BT  CHARLES  P.  BEBKEY 

The  paper  is  printed  as  pages  329-250  of  this  volume. 

CARBONIFEROUS  OF  THE  APPALACHIAN  BASI\ 
BY  JOHN  J.  6TEVEI7SON 

The  paper  is  printed  as  pages  65-228  of  this  volume. 

OVERLAP  RELATIONS  ALONG  THE  ROCKY  MOUNTAIN  FRONT  RANGE  IN 
WYOMING  AND  COLORADO 

BY  N.  H.  DABTDN 

RED  BEDS  IN  THE  LARAMIE  MOUNTAIN  REGION 
BY  W.  H.  DABTON 

[Ah8tr<ict] 

During  the  past  season  many  additional  observations  were  made  on  the  Red 
beds  at  various  localities  In  central  Wyoming,  especially  in  the  vicinity  of  the 
Laramie  and  Bighorn  mountains.  One  of  the  most  significant  features  was 
the  discovery  of  a  fossil  if erous  limestone  150  feet  below  the  top  of  the  Red 
beds,  containing  a  Permo-Carboniferous  fauna.  The  locality  was  on  the  Big- 
horn river  3  miles  north  of  Thermopolls,  Wyoming,  on  the  west  slope  of  the 
Bighorn  uplift  The  Red  beds  in  this  region  are  nearly  1,000  feet  thick  and 
He  upon  a  well  defined  series  of  Upper  Carboniferous  limestones  and  sand- 
stones. In  the  basal  portion  of  the  Red  beds  in  this  vicinity  and  elsewhere 
Permo-Carboniferous  fossils  have  been  obtained  In  previous  seasons.  The 
occurrence  of  this  same  fauna  at  the  higher  horizon  leaves  only  150  feet  of  red 
shaleH  which  may  represent  the  Triassic.  The  next  su(*ceeding  formation  is 
the  marine  Jurassic,  which  appearn  to  lie  uncoiiformably  on  the  Red  beds. 

An  examination  was  made  of  the  locality  from  which  Professor  Wilbur 
Knight  obtained  Carboniferons  fossils  in  the  Retl  beds  near  Laramie  seveni! 
yeara  ago.  His  collections  were  made  in  vicinity  of  Red  mountain,  near  the 
southern  margin  of  the  Lnraniic  basin.  It  was  found  that  on  lK>th  sides  of 
Laramie  mountain  the  TTi)i)er  Carboniferous  sandstones  and  limestones  in  their 
southern  extension  grade  into  and  ther€»l»y  give  place  to  a  thick  de|x)sit  of  Rt'^i 
beds.  These,  along  the  Rocky  Mountain  front,  become  the  Lower  Wyoming 
division  of  Eldridge  and  the  Fountain  formation  of  Gill>ert  and  Cross.  The 
Red  beds  which  overlie  the  irpi>er  Carboniferous  limestones  northward  continue 
unchanged  into  the  region  of  Lower  Wyoming- Fountain  red-beds  as  a  distlni't 
division,  which  was  recognized  by  Eldridge  as  the  Upper  Wyoming  division. 
The  upper  division  has  been  designated  the  Chugwater  formation. 
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This  determination,  which  I  made  several  years  ago  and  announced  to  the 
Society,  was  verified  In  the  region  south  of  I^ramie,  where  we  found  the  lower 
division  represented  by  a  thlcto  mass  of  red  grits  with  occasional  beds  of 
limestone.  It  was  In  the  upper  portion  of  this  series  that  Professor  Knight 
obtained  an  extensive  collection  of  Upper  Carboniferous  fossils,  which  verified 
the  idea  that  the  lower  Red  beds  represent  the  southern  extension  of  Upper 
Carboniferous  limestones  and  sandstones  of  the  region  north.  The  overlying 
Red  beds,  which  I  recognized  as  the  Chugwater  formation,  are  several  hundred 
feet  thick,  and  I  learned  that  in  these  Professor  Williston  has  obtained,  from 
near  Red  Mountain,  the  remains  of  vertebrates  which  are  regarded  as  Triassic 
in  age.  As  from  the  molluscan  remains  it  would  appear  that  the  greater  part 
of  the  Chugwater  formation  in  the  region  north  is  of  Permo-Carbonlferous  age, 
there  is  here  an  apparent  contradiction  of  the  evidence.  So  the  matter  stands 
at  present,  but  during  the  coming  season  a  special  investigation  will  be  made 
to  obtain  additional  paleontologic  facts. 

TERTIARY  TERRAVE8  IN  NEW  MEXICO 
BT  CHABLES  B.  KEYE8 

[Ah8tract] 

In  the  general  survey  which  has  been  taken  recently  of  the  Tertiary  forma- 
tions of  the  region  much  new  Information  has  been  obtained.  The  work  of  a 
generation  ago  has  been  adjusted  to  the  new  scheme.  Some  of  the  Tertiary 
formations  are  typical  fiuviatile  deposits;  others  were  deposited  in  water. 
Eocene,  Miocene,  and  Pliocene  epochs  are  represented  by  dei)ositions.  The 
general  section  is  as  follows  : 


Pliocene... 


Miocene.., 


Eocene 


Llano  Eiitacndo  formntion.. 


SantA  Fe  aands.. 
Chama  clayfl 


Chaco  marip 

Canyon  Largo  sandstones.. 

Torreon  formation 

Piierco  clays 


:^00  feet. 



8«>     '* 
:W)o    •* 

1,U(I0     *• 

70O     " 

300     ** 

500     " 

The  Tertiary  deposits  of  New  Mexico  are  much  wider  spread  than  has  been 
supposed.  As  the  period  was  marked  by  extensive  volcanic  action,  the  lava 
flows  and  intrusions  have  important  relationships  to  many  of  the  formations. 
The  recent  ascribing  of  a  fiuviatile  origin  to  most  of  the  Tertiary  formations 
of  the  region  Is  believed  to  be  erroneous,  and  is  due  largely  to  a  confusion  of 
Quatenary  deposits  with  the  more  recent  Tertiary  beds.  The  discriminating 
criteria  of  fiuviatile  formations  are  discussed  in  this  paper. 

QUATERNARY  HISTORY  OF  THE  UPPER  MISSISSIPPI  VALLEY 
BY  WABBEN  UPHAM 

[Ahstract] 

Evidences  of  preglacial  high  uplift  of  tins  region,  as  also  of  all  the  glaciated 
area  of  the  continent,  are  noted ;  and  this  altitude,  continuing  nearly  to  the  end 
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of  the  Glacial  period,  is  regarded  as  the  chief  cause  of  its  vast  accumulation 
of  snow  and  ice.  The  several  stages  of  advance  or  growth  of  the  ice-sheet 
interrupted  by  repeated  recessions  and  readvances,  are  reviewed,  as  made 
known  by  their  series  of  till  dei)oslts,  moraines,  and  stratified  or  modified  drift. 
Among  the  peculiar  features  of  the  upper  Mississippi  region  are  the  large 
driftless  area  lying  mostly  in  Wisconsin,  inclosed  on  all  sides  by  the  glacial 
drift ;  the  loess,  extensively  develoi)ed  west  and  south  of  that  area ;  and  the 
falls  of  Saint  Anthony,  which,  with  the  gorge  extending  8  miles  downstream 
to  Fort  Snelling,  give  an  estimate  of  the  duration  of  the  i)Ost-Glacial  period  as 
about  7,000  years.  All  the  Mississippi  valley  above  the  mouth  of  the  Ohio 
is  Included  in  this  study,  but  especial  atttotion  is  directed  to  its  higher  part, 
in  Minnesota,  from  lake  Itasca  to  lage  Pepin. 

FI8H  REMAINS  IN  ORDOVICIAN  IN  BIGHORN  MOUNTAINS,  WYOMING,  WITH  A 
RESUME  OF  ORDOVICIAN  OEOLOOT  OF  TJ^E  NORTHWEST 

BY  N.  H.  DABTDN 

The  paper  is  published  a^  pages  541-566  of  tliis  volume. 

DISTRIBUTION  OF  DRUMLIN8  AND  ITS  BEARING  ON  THEIR  ORIGIN 
BY  FBANK  B.  TAYLOR 

[Ahstract] 

This  paper  presents  a  discussion  of  certain  asi)e<*ts  of  drumlins  and  drumlln 
areas.  They  are  considered  with  reference  to  their  distribution  in  the  regions 
of  Pleistocene  glaclatlon ;  In  their  relation  to  the  larger  elements  of  topography ; 
to  the  marginal  portions  of  the  ice-sheet,  and  to  the  successive  recessional 
halts  of  the  retreating  ice-front. 

Drumlin  areas  occur  typically  In  association  with  broad  basins  or  low^ lands, 
such  as  our  Great  Lake  basins  and  the  lowlands  of  Scotland,  Ireland,  and 
Scandinavia.  Certain  occurrences  of  drumlins  which  are  apparent  exceptions 
to  this  rule  are  briefly  considered.  Drumlins  are  usually  classed  as  forms 
made  under  deep  Ice.  The  writer's  studies  Indicate  that  while  this  is  true, 
there  are  certain  facts  which  qualify  such  a  statement  The  relation  of  drum- 
lins to  the  ice-margin,  as  shown  by  studies  in  Ontario  and  western  Massa- 
chusetts, seems  to  supi)ort  the  view  that  drumlins  are  submarginal  forms, 
made  neither  at  the  edge  of  the  Ice  nor  many  scores  of  miles  back  under  It. 
but  In  a  submarginal  belt  varying  roughly  from  five  to  20  miles  in  width  and 
beginning  1  to  5  miles  back  from  the  edge  of  the  ice.  The  elongation  of  drum- 
lins, or  rather  the  ratio  of  the  horizontal  axes,  is  principally  dei)endent  ui)on 
the  velocity  of  ice  movement  during  their  formation.  Drumlins  are  con- 
spicuous by  their  absence  In  (.'ertain  regions  which  seem  in  many  ways  favor- 
able for  their  formation,  namely,  in  Ohio,  Indiana,  Illinois,  southern  Michigan, 
and  parts  of  Ontario.  No  reason  has  been  given  for  this  peculiarity.  Some 
tentative  suggestions  are  made  bearing  on  this  point 
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GEOLOGICAL  MAP  OP  CONNECTICUT,  1905 
BT   H.   E.  OREOOBY 

[Abstract] 

A  complete  and  remarkably  accurate  geological  map  of  Connecticut  by  James 
G.  Percival  was  Issued  by  the  state  in  1842.  Since  that  date  maps  have  ap- 
peared in  reports  and  text  books — for  example,  Dana  revised  1897,  Le  Conte 
revised  1903,  Brigham  1903,  and  McGee  1893~whlch  represent  the  crystalline 
rocks  of  Connecticut  as  largely  granite  and  Archean  in  age.  A  preliminary 
geological  map  of  Connecticut  by  Herbert  E.  Gregory  and  H.  H.  Robinson  is  now 
ready  for  publication.  The  map  shows  practically  no  granite  or  other 
unmetamorphosed  Igneous  rock  except  basalt  and  diabase.  No  rock  of  un- 
doubted Archean  age  has  been  shown  to  occur  within  the  borders  of  the  state. 

LOESB-CYCLB  IN  TURKESTAN 
BT  B.  PUMPELLY 

The  scientific  program  was  declared  closed. 

RESOLUTION   OP   THANKS 

The  following  resolution  was  offered  by  Professor  S.  Calvin  and  unani- 
mously adopted: 

Resolved,  That  the  Ottawa  meeting  of  the  Geological  Society  of  America  will 
long  be  remembered  as  one  of  great  profit  and  pleasure  to  all  the  Fellows  of 
the  Society  who  had  the  good  fortune  to  be  present.  For  the  success  of  the 
meeting  we  recognize  our  Indebtedness  to  local  organizations  and  individuals 
more  in  number  than  can  here  be  named.  We  would  especially  mention  the 
Logan  Club  and  the  members  generally  of  the  staff  of  the  Geological  Survey 
6f  the  Dominion  of  Canada,  whose  thoughtful  foresight  and  painstaking 
arrangements  for  our  acconmiodation  and  comfort  left  nothing  to  be  desired; 
Principal  J.  F.  White,  to  whose  generosity  we  are  Indebted  for  the  use  of  com- 
modious rooms  in  the  Normal  School  building ;  their  Excellencies  the  Governor 
General  and  the  Countess  Grey,  and  many  citizens  of  Ottawa,  who  placed  us 
under  lasting  obligations  for  gracious  courtesies  and  kindly  expressions  of 
sympathy  with  the  work  for  which  our  Society  stands.  To  each  and  all  who 
have  thus  contributed  to  the  success  of  our  meeting  we  express  sincere  appre- 
ciation and  extend  grateful  thanks. 

President  Pumpelly  made  brief  remarks  and  declared  the  meeting 
closed. 

No  formal  session  of  the  Society  was  held  in  the  evening,  -but  the 
customary  annual  dinner  was  given,  at  the  Bussell  House,  at  which  His 
Excellency  the  Governor  General  was  present  with  other  guests. 

Following  the  dinner  a  reception  was  given  by  the  Logan  Club  in  the 
Bussell  House  parlors. 
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Begisteb  of  the  Ottawa  AfEETiNO,  1905 
The  following  Fellows  were  in  attendance  at  the  meeting : 


F.  D.  Adams. 
Jose  G.  Aouilera. 
H.  M.  Ami. 
BoBERT  Bell. 
R.  W.  Brock. 
A.  H.  Brooks. 
Samuel  Calvin. 
J.  M.  Clarke. 
A.  P.  Coleman. 
W.  M.  Davis. 
S.  F.  Emmons. 
H.  L.  Fairchild. 
C.  N.  Gould. 
C.  W.  Hayes. 
J.  F.  Kemp. 

H.  B.  KttMMEL. 

A.  C.  Lane. 


R.  A.  Daly. 
J.  D.  Irving. 

Total  attendance,  39. 


C.  K.  Leith. 
B.  G.  McConnell. 
William  McInnes. 
G.  P.  Merrill. 
W.  G.  Miller. 
G.  H.  Perkins. 
Raphael  Pumpelly. 
Heinrich  Ries. 
I.  C.  Russell, 
W.  H.  Sherzer. 
G.  0.  Smith. 
B.  S.  Tarr. 
J.  B.  Tyrrell. 
T.  L.  Walker. 
David  White. 
A.  W.  G.  Wilson. 
F.  E.  Wright. 


Fellows-elect 


A.  P.  Low. 
F.  A.  Wilder. 


G.  A.  Young. 


Session  of  the  Cordilleran  Section,  Friday,  December  29, 1905 

The  seventh  annual  meeting  of  the  Cordilleran  Section  of  the  Society 
was  called  to  order  at  10.30  a  m,  December  29,  1905,  in  South  Hall 
Berkeley. 

The  Chairman  of  the  Section,  President  W.  G.  Tight,  presided. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

The  following  officers  were  elected  for  the  ensuing  year:  J.  C.  Branner, 
Chairman;  George  D.  Louderback,  Secretary,  and  W.  C.  Mendenhall 
Councillor. 

On  the  invitation  of  President  Tight,  it  was  resolved  to  hold  the  next 
meeting  but  one  at  Albuquerque,  New  Mexico,  if  arrangements  could  be 
made  to  that  end  by  the  Executive  Committee. 

The  following  papers  were  then  read  and  discussed : 
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AFFINITIBB  AND  8TAGB  OF  EVOLUTION  OF  THE  JOHN  DAY  OARNIVORA 
BY  JOHN  C.    MEBUAM 

TEHACHAPI  VALLEY 
BY  ANDREW  C.  LAWSON 

[Al)8tract] 

Tebachapi  valley  lies  on  the  summit  of  tbe  southern  Sierra  Nevada  and 
drains  to  Mohave  desert  on  tbe  one  side  and  to  the  San  Joaquin  valley  on  the 
other,  in  both  cases  through  steep  rocky  gorges.  Tbe  valley  is  about  12  miles 
long  and  at  its  widest  part  5  miles  or  more  wide.  Its  floor  is  a  nearly  flat  sur- 
face of  alluviation  and  the  divide  for  the  drainage  is  in  tbe  middle  of  this  flat 
floor.  The  paper  is  a  description  of  this  valley  and  a  discussion  of  its  origin 
as  a  geomorpbic  feature.  Other  similar  features  in  the  same  region  are  also 
discussed  in  the  paper. 

The  paper  was  illustrated  by  lantern  slides.  It  was  published  as 
Bulletin  of  the  Department  of  Geology,  XJniversity  of  California,  volume 
4,  no.  19. 

MIDDLE  KERN  RIVER 
BY  ANDREW  C.  LAWSON 

Published  as  Bulletin  of  the  Department  of  Geology,  XJniversity  of 
California,  volume  4,  no.  16. 

The  Section  then  adjourned  for  luncheon. 

At  2  p  m  the  session  was  resumed  and  the  following  papers  were  read : 

IGNEOUS  ROCKS  OF  THE  NORTHWESTERN  BLACK  HILLS 
BY  W.  S.  TANOIEB  SMITH 

[Ahstract] 

The  igneous  rocks  of  this  region  belong  to  two  widely  separated  periods  of 
time,  the  first  pre-Cambrian,  the  second  probably  post-Cretaceous  or  Eocene. 
The  Eocene  (?)  igneous  rocks  form  an  interesting  group  of  closely  related 
types,  all  of  which  have  probably  been  derived  by  differentiation  from  a  com- 
fiioii,  somewhat  soda-rich  magma.  They  constitute  the  laccollthic  intrusions 
characteristic  of  this  part  of  tb^  Black  bills,  and  appear  also  as  associated 
minor  masses. 

Brief  petrographlc  descriptions  of  the  more  important  of  these  rocks,  as 
well  as  their  general  relationships,  are  given  in  tbe  paper. 

CALCITE  FROM  TERLINOUA,  TEXAS 
BY  A.  S.  EAKLE 

Published  in  Bulletin  of  the  Department  of  Geology,  University  of 
California,  volume  5,  no.  6. 
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ALTERATION  OP  SBRPBSTiyE 
BY   A.   KNOPF* 

Published  as  Bulletin  of  the  Department  of  Geology,  University  of 
California,  volume  4,  no.  18. 

PLEISTOCENE   PHENOMENA    IN  THE   MIJS8I88IPPI  BASIN;   A    WORKING 

HYPOTHESIS 

BY   W.  O.   TIGHT 

[Abstract] 

The  present  hypothesis  proi)Oses  that  prior  to  the  earliest  ice  Invasion  of  the 
Pleistocene  the  drainage  of  the  upper  Mississippi  basin  was  to  the  northward. 
The  early  ice  movements  in  occupying  this  basin  were  forced  to  advance  against 
the  genera]  slope  of  the  basin,  and  hence  the  ice-front  advanced  upon  a  rising 
plane.  This  produced  frontal  impounding  of  the  drainage  waters,  with  the 
development  of  extensive  frontal  lakes  and  accompanying  sluggish  action  of 
the  ice-front,  poorly  developed  moraines,  extra  morainic  drift  and  sluggish 
movement  of  the  gravel  trains  from  the  margin  of  the  ice.  A  new  outlet  to 
the  basin  was  developed  along  the  line  of  the  middle  Mississippi  section,  which 
became  well  established  as  the  upi>er  Mississippi  drainage  develo|)ed.  with  the 
early  recession  of  the  ice.  Later  ice  invasions  into  the  basin  followed  the 
established  gradients,  develoi)ed  into  extensive  lobate  forms,  produced  only 
local  and  minor  frontal  lake  phenomena,  almost  no  extra-morainic  drift,  show 
strong  morainic  development  and  vigorous  action  of  streams  discharging  from 
the  ice-front. 


The  Section  then  adjourned  till  next  morning. 


Session  of  the  Cordilleran  Section.  Satirday.  Deckmber  30 

The  Section  was  called  to  order  at  10  a  m,  President  \V.  G.  Tight  in  the 
chair. 

The  following  papers  were  read  and  discussed : 

CRECENTIO  GOUGES  ON  GLACIATED  SURFACES 
BY  O.  K.  OILBEBT 

Printed  as  pages  303-316  of  this  volume. 

MOULIN  WORK  UNDER  GLACIERS 
BY  O.  K.  OILBEBT 

Printed  as  pages  317-320  of  this  volume. 
*  Introduced  by  Andrew  C.  Lawson. 
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EXPLORATION  OF  THE  PAMWBL  CAVE 
BT  E.  L.  FUBLONO* 

Published  in  the  American  Journal  of  Science,  xxii,  235-247  (1906). 

EXCEPTIONAL    NATUIfE   AND    GESEBIS    OF    THE    MISftlSaiPPI   DELTA 
BY  E.   W.    HIL6ABD 

[Ahsti-act] 

This  paper  dlscuRses  the  wholly  exceptional  materials  and  form  of  the  lower 
delta  of  the  Mississippi  river,  as  ol)8erved  by  the  writer  in  1807  and  1809,  and 
described  and  discussed  in  the  American  Journal  of  Science  in  1871.  Follow- 
ing out  the  suggestions  of  I^yell  and  the  disputed  statement  of  Humphreys  and 
Abbott  that  the  alluvial  deposits  of  the  great  river  are  only  of  slight  depth, 
the  writer  investigated  the  extreme  mouths  of  the  passes,  the  "neck,"  and  the 
similar  minor,  birdfoot-lilce  arms  projecting  beyond.  It  became  apparent  that 
the  silty  river  deposit  on  these  narrow  dikes  or  banks  is  only  superficial,  and 
that  their  resistance  to  erosion  during  overflows  is  due  to  their  being  mainly 
composed  of  tough,  inerodable  "mudlump  clay."  That  these  mudlumps, 
observed  and  described  by  Lyell,  are  upheavals  of  the  river  bottom,  and  are 
formed  of  such  clay  as  is  deposited  outside  of  the  bar,  where  the  turbid  water 
of  the  river  meets  and  is  clarified  by  the  saline  sea  water ;  also,  that  the  mud- 
lump  upheavals  occur  in  the  main  outlets  or  passes  of  the  river,  as  a  direct 
result  of  their  being  the  main  outlets.  No  mudlumps  then  existed  in  the  South 
pass,  but  now  that  It  has  been  artificially  made  the  main  channel,  tnudlump 
uplieaval  has  taken  and  is  taking  place.  Mudlump  formation  is  thus  the 
normal  mode  of  progression  of  the  delta  of  the  main  Mississippi. 

No  such  phenomena  are  known  to  occur  in  any  other  river  of  the  world; 
lience  no  other  river  has  such  birdfoot  mouths.  The  Mississippi  delta  should 
not,  therefore,  be  longer  presented  as  the  tj'pe  of  a  normal  delta,  as  is  done 
t>y  Russell  in  his  "Rivers  of  North  America." 

The  Section  then  adjourned  for  luncheon. 

At  2pm  the  session  was  resumed  and  the  following  papers  were  read : 

INTERREOIOSAL  ZONES  IN  THE  TRIA88IC  OF  WESTERN  NORTH  AMERICA 

BY  J.   P.   SMITH  ♦ 

A  NEW  AMPHIBOLE 
BY  W.  O.  CALRK* 

NOTES  ON  PALEOZOIC  CHERTS  FROM  MISSOURI 
BY  F.  B.   TJkNEYt 


•  Introduced  by  John  C.  Merrlam. 

t  Introduced  by  A.  S.  Eakle. 

X  Introduced  by  Andrew  C.  Lawson. 
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GEOLOGICAL  RECONNAISSANCE  OF  THE  COAST  OF  THE  OLYMPIC  PENINSULA. 

WASHINGTON 

BT  RALPH  ABNOLD 

Printed  as  pages  451-468  of  this  volume. 

GRAVITATIONAL   ASSEMBLAGE   IN   GRANITE 
BT  O.    K.  OIT^EBT 

Printed  as  pages  321-328  of  this  volume. 

The  Section  passed  a  resolution  of  thanks  to  the  University  of 
California  for  having  placed  the  rooms  of  South  Hall  at  the  disposal  of 
the  Society  for  the  purposes  of  the  meeting. 

The  Section  then  adjourned. 

Andrew  C.  Lawson, 

Secret^zry, 


Eegister  of  the  Meeting  of  the  Cobdilleran  Section 
The  following  Fellows  were  in  attendance  at  the  meeting : 

P.  M.  Anderson.  G.  D.  Louderback. 

R.  Arnold.  R.  H.  I^ughridge. 

A.  S.  Eakle.  W.  C.  Mendenhall. 

G.  K.  Gilbert.  J.  C.  Merriam. 

E.  W.  Hilgard.  W.  S.  Tangier  Smith. 

A.  C.  Lawson.  W.  G.  Tight. 

The  visitors  were : 

E.  P.  Carey.  D.  T.  Smith. 

E.  L.  Furlong.  J.  P.  Smith. 
R.  S.  HoLWAY.  C.  E.  Weaver. 
A.  Knopf.  H.  0.  Wood. 

F.  B.  Laney. 


ACCESSIONS  TO  LIBRARY  FROM  JULY,  1906,  TO  OCTOBER, 

1906 

By  H.  p.  Cushing,  Librarian 
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("Exchanges") 

(a)   AMERICA 
NEW  YORK  STATE  MUSEUM,  ALBANY 

2660.  Bulletin  77. 
2851-2852.  Museum  Report  57,  parts  1-2. 
2853-2858.  Bulletins  78,  80-89,  91,  93-98. 

BOSTON  SOCIETY  OF  NATURAL  HISTORY,  BOSTON 

2620.  Proceedings,  vol.  32,  nos.  5-12. 

MUSEO  NACIONAL  DE  BUENOS  AIRES,  BUENOS  AIRES 

2753.  Anales,  serle  3,  tomo  Iv. 
2848.  Anales,  serie  3,  tomo  v. 

CHICAGO  ACADEMY  OF  SCIENCES,  CHICAGO 

FIELD  MUSEUM  OF  NATURAL  HISTORY,  CHICAGO 

2181.  Report  series,  vol.  ii,  no.  5. 

2402.  Geological  series,  vol.  ii,  nos.  7-9. 

2715.  Geological  series,  vol.  ill,  nos.  2-^. 

2925.  Zoological  series,  vol.  vii,  nos.  2-3. 

CINCINNATI  SOCIETY  OF  NATURAL  HISTORY,  CINCINNATI 

2149.  Journal,  vol.  xx,  nos,  5-7. 

COLORADO  SCIENTIFIC   SOCIETY,  DENVER 

2398.  Proceedings,  vol.  vii. 

2782.  Proceedings,  vol.  vill,  pp.  1-166. 

NOVA  SCOTIAN  INSTITUTE  OF  SCIENCE,  HALIFAX 

2797.  Proceedings  and  Transactions,  vol.  xi,  part  i. 
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2892. 
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2401. 


2(;49. 
2859. 
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2781. 


2629. 
2124. 


2769-2770. 
2910. 


MU8E0  DE  LA  PLATA,  LA  PLATA 

CUERPO  DE  MII7A8  DEL  PERU,  LIMA 

Boletin  8-27. 
Boletin  28-34. 

INSTITUTO  OBOLOOIGO  DE  MEXICX),  MEXICO 

Boletin,  nnmero  20-21. 
Parergonee,  tomo  1,  num.  9-10. 

SOCIEDAD  OBOLOGICA  MEXICANA,  MEXICO 

NATURAL  HISTOBY    SOCIETY  OF   MONTREAL,  MONTREAL 

Canadian  Record  of  Science,  vol.  Ix,  nos.  3-5. 

AMERICAN  GEOGRAPHICAL  SOCIETY,  NEW  YORK 

Bulletin,  vol.  xxxvil,  nos.  7-12. 
Bulletin,  vol.  xxxvlii,  nos.  1^. 

AMERICAN  MUSEUM  OF  NATURAL  HISTORY,  NEW  YORK 

Bulletin,  vol.  xvii,  parts  3-A. 
Bulletin,  vol.  xxi. 
Memoirs,  vol.  ix,  parts  1-3. 

NEW   YORK  ACADEMY'  OF  SCIENCES,  NEW   YORK 

Annals,  vol.  xvi,  parts  2-3. 

AMERICAN  INSTITUTE  OF  MINING  ENGINEERS,  NEW  YORK 

Transactions,  vol.  xxxv,  1904. 

GEOLOGICAL  SURVEY^  OF  CANADA,  OTTAWA 

Annual  Report,  new  series,  vol.  xiil,  1900. 
Catalogue  of  Canadian  Birds,  part  3,  1904. 

ROYAL  SOCIETY  OF  CANADA,  OTTAWA 

Proceedings  and  Transactions,  second  series,  vol.  x,  parts  1-2. 
Proceedings  and  Transactions,  second  series,  vol.  xi. 

PHILADELPHIA 


ACADEMY  OF  NATURAL  SCIENCES, 

Proceedings,  vol.  Ivii,  parts  1-3,  1905. 

AMERICAN  PHILOSOPHICAL  SOCIETY,  PHILADKLPHLA 

Proceedings,  vol.  xllv,  1905. 
Transactions,  new  series,  vol.  xxi,  part  2. 

MUSEO  NACIONAL  DE  RIO  DE  JANEIRO,  RIO  DE  JANEIRO 

2771-2772.  Archives,  vols.  xi-xU. 

CALIFORNIA  ACADEMY  OF  SCIENCES,  BAN  FRANCISCO 

2776.  Memoirs,  vol.  v,  no.  1. 

2777.  Memoirs  of  Dr  Hans  Herman  Behr,  Dr  Harvey  Willson  Harkness, 

and  William  Alvord. 
2293.  Proceedings,  third  series.  Geology,  vol.  11,  no.  2. 


2718. 

2761. 
2647. 
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GEOLOGICAL  SUBVEY  OF  NEWFOUNDLAND,  ST  JOHNS 

ACADEMY  OF  SCIENCE,  ST  LOUIS 

2662.  Transactions,  vol.  xv,  1905. 

COMISSAO  OEOGKAPHICA  E  OEOLOGICO,  SAO  PAULO 

2863.  Folha  de  Casa  Brancha,  Pirassununga,  Pindamonhangaba,  and  Sao 

Paulo. 

2914.  Boletin  11,  15-16. 

NATIONAL  QBOGBAPHIC  SOOIETT,  WASHINGTON 

2643.  National  Geographic  Magazine,  vol.  xvl,  nos.  7-12. 
2845.  National  Geographic  Magazine,  vol.  xvil,  nos.  1-8. 

LIBBABT  OF  OONGBESS,  WASHINGTON 

SMITHSONIAN    INSTITUTION,  WASHINGTON 

2819.  Annual  Report,  1904. 

UNITED  STATES  GEOGLICAL  SUBVEY,  WASHINGTON 

2751.  Twenty-fifth  Annual  Report. 

2752.  Mineral  Resources,  1903. 
2615.  Water  Supply  Papers  98-100. 

2754r-2759.  Bulletins  237-262. 

2816-281&  Water  Supply  Papers  101-115. 

2809-2815.  Water  Supply  Papers  116-149. 

2807-2808.  Bulletins  263-273. 

2823-2824.  Monograph  xlviii,  text  and  plates. 

2825-2827.  Prof esslonal  Papers  34r-40. 

2850.  Professional  Papers  41-42. 

2849.  Mineral  Resources,  1904. 

2864.  Twenty-sixth  Annual  Report. 
2896-2897.  Professional  Papers  43H14. 

2874.  Atlas  to  Monograph  xxxii. 

2895.  Bulletin  274. 

2898-2900.  Professional  Paper  48,  parts  1-3. 

2904-2906.  Professional  Papers  45,  47,  49. 

2907.  Water  Supply  Papers  150-154. 

UNITED   STATES    NATIONAL   MUSEUM,  WASHINGTON 

2840.  BulleUn  55. 

(5)    EUROPE 
DEUTSCHE  GEOLOGISCHE  0E6ELL8CHAFT,  BEBLIN 

2622.  Zeltschrlf t,  band  Ivi,  heft  4. 
2861.  Zeltschrift,  band  Ivii,  heft  1-3. 

KONIOLICH  PBEUSSISCHEN  GEOLOGISCHEN 

LANDESANSTALT  UND  BEBGAKADEMIE,  BEBIJN 

2860.  Jahrbuch,  band  xxiii,  1902. 

GEOGBAPHISCHEN  GESELLSCHAFT,  BEBNE 

2915.  Jahresbericht,  band  xix,  1903-1904. 
LXV— Bdll.  Oeol.  Soc.  AM.,  Vol.  17,  1906 
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BCHWEIZ.  QBOLOOISCHEN  KOM  MISSION, 

279&-2800.  Llefening  xvi,  neue  folge,  with  atlas. 

S.  ACCADEMIA  DELLE  SCIEI7ZE  DELL'  INSTITUTO  DI 
BOLOGNA, 

2789-2790.  Rendlconto,  nuova  serie,  vols,  vli-vlii. 
2791-2792.  Meinorie,  serle  v,  tomo  x;  serie  vi,  tomo  i. 


IKE 


BOLOGNA 


2510. 
2838. 
2666. 
2839. 

2767. 
2933. 


2766. 


2893. 
2916-2920. 


2701. 

2887. 

2794. 

2868-2870. 
2871-2873. 

2040. 


2875-2877. 
2524. 

2841. 


NATUBHIST.  VEBEIN  DES  PBEXJ8SISCHEN  BHEINLANDE, 
WE8TFAI.ENS  L'ND  DES  BEO.-BEZIRKS  OSNABBCcK, 

Sitzungsbericbte  der  Niederrbein.-C4e8ell.,  1904,  h&lfte2. 
Sitzungsberichte  der  Niederrbeln.-Oesell.,  1905,  hftlfte  1. 
Verhandlungen,  1904,  h&lfte2. 
Verbandlungen,  1905,  haifte  1. 

ACAD£mI£  BOYALE  DBS  SCIENCES  DE  BELOIQUE, 

Bulletin  de  la  Glasse  des  Sciences,  1905,  nos.  1-12. 
Annuaire,  1906. 

BOCltTt  BELQE  DE  o£OL0GIE,  DE  PALBONTOLOGIE  ET 

d'hydbologie, 
Bulletin,  tome  xix,  fasc.  1-2,  1905. 

BIUBOULI  GEOLOGICA, 
MAGYABHONI  f5lDTANI  TABSULAT, 

FOldtani  KozlSny,  xxxv  kotet  1-12  fuset,  1905. 

NOBGES  GEOLOGISKA  UNDEBSOGELSE, 

Nos.  33-43,  1901-1905. 

DAN  MASKS  GEOLOGISKA  UNDEBSOGEL8E, 

ACAD£mIE  BOYALE  DES  SCIENCES  ET  DES  LETTBES 
DE  DANEMABK, 

Oversigt  i  Aaret,  1905,  nr.  2-6. 
Oversigt  i  Aaret,  1906,  nr.  1-3. 

NATUBWISSENSCHAFTLICHEN  GE8ELLSCHAFT  ISIS, 

Sitzungsberichte  und  Abhandlungen,  Jabrgang   1905. 

BOYAL  SOCIETY  OF  EDINBUBGH, 

Proceedings,  vols,  xxiv,  and  xxv  parts  1-2. 
Transactions,  vols,  xl,  parts  3-4 ;  xli,  parts  1-2 ;  xliii. 

NATUBFOBSCHENDEN  GESELL8CIIAFT, 

Bericbte,  band  xiv,  1904. 

KBL.-LEOP.-CABOL.-DEUTSCHEN  AKADEMIE  DEB 
NATUBFOBSCHEB, 

Nova  Acta,  bande  82-84. 
Leopoldina,  heft  40-41. 

COMMISSION  g£0I/)GIQU£  DR  FINIANDE, 

Bulletins  nos.  15-16. 


BONN 


BBU8SELB 


BCCHABXST 
BUDAPEST 


CHBISTIANIA 


COPENHAGEN 


COPENHAGEN 


DBE8DEN 


EDINBUBOH 


nUEIBUBO  I.  B. 


HELSINGFOB.S 


2074. 
2646. 

2650. 
2590. 
2762. 

2514. 
2688. 
2880. 


2796. 


2886. 
2940. 
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BOCltTt  DK  OAOGRAPHDC  DE  FINLANOB,  HELSmOFOBS 

SCHWEIZI8CHE  GEOLOOISCHE  OESELLSCHAFT,  IJ^USANNB 

0E0L00I8GH  REICHS-MUSEUM,  LEIDEN 

Sammlungen,  neue  folge,  band  i,  heft  9. 
Sammlungen,  serie  i,  band  viii,  heft  2. 

k5n.H9]^CHISGHE  GESELT^CHAFT  DEB  WISSENSCHAFTEN,  LEIPSIC 

Abhandlungen,  math.-phy8,-Cla88e,  vol.  xxix,  nos.  3-6. 
Berlchte  Uber  die  Verhandlungen,  Jahrgang  1904,  heft  4-5. 
Berlchte  fiber  die  Verhandlungen,  Jahrgang  1906,  heft  1-6. 

8oci£t£  g£ologique  de  belgique,  lieoe 

Annalee,  tome  xxxi,  livr.  4, 1904. 
Annales,  tome  xxxii,  livr.  2-4,  1906. 
Annales,  tome  xxxlli,  livr.  1-2, 1906. 

80ci£t£  o^logique  du  nobd,  ullb 

Anuales,  tome  xxxiii,  1904. 

COMMISSAO  DOS  SEBVICOS  GE0L0QIC08  DE  PORTUGAL,  LISBON 

BBITISH  MUSEUM   (NATUBAL  HISTOBY),  LONDON 

The  Glossopteris  Flora. 

Catalogue  of  the  Tertiary  Vertebrata  of  the  Fayum,  Egypt 


2678. 
2862. 
2602. 


2787. 
2888. 
2928. 


2705. 


2704. 

2606. 

2064. 
2847. 

2661. 
2797. 
2884. 


GEOLOGICAL  SOCIETY, 

Quarterly  Journal,  vol.  1x1,  parts  2-4, 1905. 
Quarterly  Journal,  vol.  Ixil,  parts  1-3, 1906. 
Geological  Literature,  11-12. 

GEOLOGICAL  SUBVEY, 

Memoir,  Summary  of  Progress  for  1904. 
Memoir,  Geological  Model  of  the  Isle  of  Purbeck. 
Memoir,  Soils  and  Subsoils. 

geologists'  ASSOCIATION, 

Proceedings,  vol.  xix,  parts  3-8. 

comision  del  mapa  geologica  de  espana, 
societA  italiana  di  scienze  NATUBAU, 

Atti,  vol.  xliv,  fasc.  1-4,  1905. 

SOCI£t£  IMPEBIALE  DES  NATUBALIBTES  DE  MOSCOU, 

Bulletin,  Ann6e  1904,  nos.  2-4. 

K.  bayebische  akademie  deb  wissenschaften, 
Sitzungsberichte,  1904,  heft  3. 
Sitzuugsberichte,  1905,  heft  1-2. 

ANNALES   DES   MINES, 

Annales,  Oe  s^i-ie,  tome  vii,  livraison  4-6  de  1905. 
Annales,  6e  s^rie,  tome  viii,  livraison  7-12  de  1905, 
Annales,  6e  s^rie,  tome  ix,  livraison  1-6  de  1906. 


LONDON 


LONDON 


LONDON 


MADBID 
MILAN 


MOSCOW 


MUNICH 


PABI8 
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CARTE  GfiOLOOIQUE  DC  FBANCE, 

2641.  Bulletin,  vol.  xy,  nos.  100-102. 
2822.  Bulletin,  vol.  xvi.  nos.  103-105. 

eOCltTt  OtoLOOIQUE  DB  FBANCE, 

2164.  Bulletin,  4e  s^rle,  tome  il,  fasc.  6. 
2352.  Bulletin,  4e  s^rle,  tome  ill,  fasc.  7. 
2545.  Bulletin,  4e  s^rie,  tome  iv,  fasc.  6,  1904. 
2821.  Bulletin,  4e  s^rie,  tome  v,  fasc.  1-5,  1905. 

BEALX  OOMITATO  OBOIiOOICO  D'ITALIA, 

2053.  BoIIetino,  vol.  xxxvi,  n.  1-4,  1906. 

BOCIETA  GBOIXWIGA  ITALIANA, 

2589.  BoIIetino,  vol.  xxiii.  fasc.  2-4, 1904. 
2828.  BoIIetino,  vol.  xxiv,  fasc  1-2, 1906. 


PABiS 


PABI6 


AGAD£MIE  IMFEBIAIf  DBS  SCIENCX8, 

2804.  Memoirs,  viile  s^rie,  vol.  xiv,  nos.  1-3,  10. 

2936.  Memoirs,  viiie  s^rie,  vol.  xvii,  no.  5. 

2434.  Bulletin,  ve  s^rie,  tome  xvii,  no.  6. 

2806.  Expedition  for  exhuming  a  mammoth,  vol.  i. 

2937-2938.  Bulletin,  Classe  physlco-mathematlque,  tome  xvil-xxt 


ST  FETBBSBUBQ 


comit£  g£olioique  de  la  bussde, 

2262.  Region  aurifdre  d'l^nissei,  livr.  5. 

2263.  Region  aurifdre  de  TAmour,  livr.  4. 
2774.  Memoirs,  nouvelle  serie,  nos.  14-15. 
2773.  Bulletin,  vol.  23,  no.  1. 


ST  PETEB8BUBQ 


BUBO 


2768. 
2673. 


2668. 
2879. 


2695. 
2820. 
2860. 
2665. 
2867. 


2806. 
2764. 


BUSSISCH-KAISEBLICHEN  MINEBAlJOGiaCHEN 

OESELLSCHAFT,  8T  PET 

Verhandlungen,  zweite  serie,  band  xlii,  lief.  1-2. 
Materialen  zur  Geologie  Russlands,  band  xxii,  lief.  2. 

OBOLOGISKA  BYBAn,  fiTOGKHOLM 

GE0L0GI6KA  TOBENINGENS,  STOCKHOLM 

FQrhandlingar,  band  xxvli,  hMte  4-7,  1905. 
FSrhandlingar,  band  xxviil,  hftfte  1-3,  1906. 

NEUES  JAHBBUCH  FUB  MINERALOOIE,  STUTTOABT 

Neues  Jahrbiich,  1905,  band  i,  heft  3. 
Neues  Jahrbuch,  1905,  band  ii,  heft  1--3. 
Neues  Jahrbuch,  1905,  band  i,  heft  1-8. 
Ceutralblatt,  1905,  nos.  10-24. 
Centralblatt,  1906,  nos.  1-13. 

KAISEBLICH-KdNIOLICHEN  OEOLOOISCHEN 

BEICHANSTALT,  TIERKA 

Jahrbuch,  band  Iv,  1906. 

General  Register  der  B^de  xIi-1,  des  Jahrbuchs. 
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KAI8EBLICH-k5NIOIJCHEN  natubhistobischen 
H0FMU8EUMS, 

2621.  Annalen,  band  xlx,  nr.  4, 190i. 
2932.  Annalen,  band  xx,  nr.  1, 1905. 

GS0L06ISCHE8  INSTITUT  DEB  K.  K.  UNIVEB8ITAT, 

(c)   ASIA 
GEOLOGICAL  SUBVEY  OF  INDIA, 

2634.  Records,  vol.  xxxl,  part  4. 
2763.  Records,  vol.  xxxii,  parts  1-4. 
2866.  Records,  vol.  xxxIII,  parts  1-4. 


VIENNA 


VIENNA 


CALCUTTA 


BTTBEAU  OF  OOVEBNMENT  LABOBATOBIES, 
IMFEBIAL  GEOLOGICAL  SUBVEY, 


MANILA 
TOKYO 

2319.  Sadowara,  Murotozaki,  and  Toba  geologic  sheets,  with  text. 

Sadowara,  Murotozaki,  Toba,  Sbinjo,  Suma  and  Yamaguchl  topo- 
graphic sheets. 

(cf)   AVBTRALA8IA 
GEOLOGICAL  DEPABTMENT  OF  SOUTH  AUSTBALIA,  ADELAIDE 

2446.  The  Crown  Lands  of  South  Australia. 

2527.  Review  of  Mining  Operations  in  South  Australia  during  1904-1905. 
1456.  Report  on  Geological  Explorations  in  the  west  and  northwest  of 
South  Australia,  4to. 

GEOLOGICAL  SUBVEY  OF  QUEENSLAin),  BBIBBANE 

2630.  Reports  nos.  19&-200  and  202. 

DEPABTMENT  OF  MINES  OF  VICTOBIA,  MELBOUBNE 

2778.  Animal  Report  of  the  Secretary  of  Mines  for  1904. 
2532.  Bulletin  no.  18. 
2435.  Memoir  no.  3. 

GEOLOGICAL  DEPABTMENT  OF  WESTEBN  AUSTBALIA,  PEBTH 

2138.  Annual  PiX)gre8s  Reports  for  1904  and  1905. 
2697.  Bulletins  nos.  15,  18-20. 

GEOLOGICAL  SUBVEY  OF  NEW  SOUTH  WALES,  SYDNEY 

290a  Annual  Report  of  the  Department  of  Mines  for  1905. 
2846.  Memoirs,  Paleontology,  no.  14. 
2713.  Records,  vol.  viii,  part  2. 
2168.  Mineral  Resources,  no.  11. 

BOYAL  SOCIETY  OF  NEW  SOUTH  WALES,  SYDNEY 

2901.  Journal  and  proceedings,  vol.  xxxviil,  1904. 

NEW  ZEALAND  GEOLOGICAL  SURVEY,  WELLINGTON 


(e)   AFRICA 
GEOLOGICAL  COMMISSION, 

2766.  Annual  Report  for  1904. 


CAPE  TOWN 
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GEOLOGICAL  SOCIETT  OF  SOUTH  AFUCA,  JOHAlfKESBUBG 

2717.  Transactions,  vol.  viil,  parts  1-3. 

GEOLOGICAL  8UBYET  OF  THE  TBAIVSVAAL,  PBETOBIA 

(B)  Fbom  State  Geological  Subvets  and  MrniNo  Bubeaus 

GEOLOGICAL  SURVEY  OF  GBOBGIA,  ATLA^TTA 

2779-2780.  Bulletins  11-12. 

GEOLOGICAL  8UBVEY  OF  VIRGINIA,  BLACK8BUBC 

2949.  Bulletin  no.  1. 

GEOLOGICAL  SURVEY  OF  OHIO,  COLUMBUS 

2830.  Bulletin  7,  fourth  series. 

2909.  Geological  Survey  of  Ohio,  vol.  viil. 

GEOLOGICAL  8UBVEY  OF  BBITI8H  GUIANA,  QEOBGETDWK 

2930.  Report  on  the  Geology  of  the  lower  Essequibo  and  Cuyuni  Rivers, 
with  map. 

DEPARTMENT  OF  THE  INTEBIOB,  OTTAWA 

2788.  New    Brunswick,    South   Alberta,    South    Saskatchewan,    Alberta. 
Saskatchewan,  and  Alienated  Lands,  map  sheets. 

2802.  Mica,  its  Occurrence,  Exploitation  and  Uses. 

2803.  Asbestos,  its  Occurrence,  Exploitation  and  Uses. 
2844.  Resource  Map  and  Relief  Map  of  Canada. 

2894.  Homestead  Map,  Manitoba,  Saskatchewan  and  Alberta. 

GEOLOGICAL  SUBVEY  OF  NEW  JEB8EY,  TBENTON 

2760.  Annual  Report  for  1904. 

GEOLOGICAL  SUBVEY  OF  ALABAMA,  TTNIVEBSITT 

2878.  Revised  map  of  the  southeastern  part  of  the  Cahaba  coal  field. 
(C)   Fbom  Scientific  Societies  and  Institutions 

(a)   AMERICA. 
BROOKLYN  INSTITUTE  OF  ABTS  AND  SCIENCES,  BBOOKLYIT 

2553.  Memoirs,  vol.  i,  nos.  5,  7-8. 

2554.  Ck>ld  Spring  Harbor  Monographs  iii-vl. 

COLOBAOO  COLLEGE,  COLOBADO  SPBING8 

2555.  Colorado  College  Studies,  Science  series,  vol.  xi,  nos.  39-46. 

SCHOOL  OF  MINES,  UNIVEB8ITY  OF  WYOMING,  LABAM1£ 

2950.  Bulletin  no.  7. 

SOCIEDAD  GEOLOGICA  MEXICANA,  MEXICO 

2951.  Boletin,  tomo  1. 

ESCOIJl  DE  MINAS  OE  OUBO  PBETO.  OUBO  FBETO 

2882-2883.  Annaes,  N.  2-3.  5-6. 

SAN  DIEGO  SOCIETY  OF  NATUBAL  HISTOBY,  SAN  DIEGO 

2952.  Transactions,  vol  1,  no.  1. 
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(6)  BUROPS 
SCHLESI8CHE   GE8ELLSCHAFT    FtJB   VATEBLANDI8CHE    CXTIiTUB,  BBE6LAU 

2795.  82d  Jahresbericht 

OBSEBVATOIBE.BOTAL  DE  BELQIQUE,     -  BBU88EL8 

2881.  Annales,  nouvelle  serie,  Physique  de  Globe,  tome  111,  fasc.  1. 

DANSK  0B0L0GI8K  FOBENING,  COPENHAGEN 

2783.  Meddelelser,  nr.  9-10. 

COMMISSION  FBANCAIS  DES  GLAdSBB,  PABIB 

2953.  Rapport  sur  lee  Observations  glaclaires  en  Maurienne,  etc. 
2964.  Btude  sur  le  Glacier  Noir  et  le  Glacier  Blanc,  etc. 

2955.  Observations  sur  rBnneigement  et  sur  les  Chutes  d' Avalanches. 

ACADEMIA  POLTTEGHNICA  DO  POBTO,  POBTO 

2956.  Annaes  Sclentiflcos,  vol.  i,  nos,  1-2. 

NATUBFOBSCHEB  VEBEINS  ZU  BIOA,  BIOA 

2889.  Korrespondenzblatt,  xlviii,  1905. 

(c)   ABIA 
TOKYO  GBOGBAPHICAL  SOCIETY,  TOKYO 

2946.  Journal  of  Geography,  vol.  xviii,  nos.  205-210. 

IMPEBIAL  UiaVEBSITY  OF  TOKYO,  TOKYO 

2726.  Journal  of  the  College  of  Science,  vol.  xx,  article  8. 

(D)  Fbom  Fellows  of  the  Geological  Society  of  Amebica  (Pebsonal 

Publications) 

whitman  cb088 

2957.  A  New  Devonian  Formation  in  Colorado. 

2958.  The  San  Miguel  Formation,  Igneous  Rocks  of  the  Telluride  District; 

Ck>lorado. 

2959.  The  Development  of  Systematic  Petrography  in  the  Nineteenth 

Century. 

2960.  An  Occurrence  of  Trachyte  on  the  Island  of  Hawaii. 

2961.  Geology  of  the  Rico  Mountains,  Ck>lorado. 

2962.  Geology  of  Silver  Cliff  and  the  Rosita  Hills,  Colorado. 

B.  V.  d'inviluxbs 

2963.  Geological  Map  of  Portion  of  the  New  River  and  Kanawha  Coal 

Fields. 

H.  L.  FAIBCHILD 

2964.  Ice  Brosion  Theory  a  Fallacy. 

G.  H.  HITOHOOCK 

2965.  The  Geology  of  Littleton,  New  Hampshire. 

2966.  Fresh-water  Springs  in  the  Ocean. 
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E.  O.   HOVET 

2967.  The  Grande  Soufriere  of  Guadeloupe. 

J.   H.   PBATT 

2968.  The  Production  of  Graphite  in  1904,  and  twelve  other  and  similar 

separates. 

0.  D.  WALOOTT 

2969.  New  Term  for  the  Upper  Cambrian  Series. 

2970.  The  Cambrian  Fauna  of  India. 

2971.  Cambrian  Faunas  of  China. 

(B)  Fbom  Miscellaneous  Soubces 

A.  OraS  MAITIAND,  PEBTH 

2972.  The  Salient  Geological  Features  of  British  New  Guinea. 

THE  MAZAMAS,  POKTIAin) 

2973.  Mazama,  toI.  2,  no.  4. 

B.  J.  LBOHMEBE  GUFPY,  POBT  OF  SPAI9 

2974.  The  Growth  of  Trinidad. 

MINING  MAGAZINE,  SAN  FSANCISOO 

2746.  Mining  Magazine,  vol.  xl,  nos.  4r~6. 
2975-2976.  Mining  Magazine,  vol.  xii,  nos.  2-3,  5 ;  vol.  xiil,  nos.  1-^. 

FBOF.  FEDEBICO  8ACGO,  TUKCT 

2977.  I  Molluschi  del  Terreni  Terziarii  del  Piemonte  e  della  Liguria. 

ATBEUS  WANNER 

2978.  A  new  Species  of  Olenellus  from  the  Lower  Cambrian  of  York 

County,  Pennsylvania. 

H.  p.  GUSHING  (donation  of  duplicates) 
2831-2832.  Geological  Survey  of  Indiana,  17th  and  21  st  Annual  Reports. 
2833-2834.  Missouri  Geological  Survey,  vols.  iv-v. 

2835.  U.  S.  Geol.  &  Geog.  Survey  of  the  Territories,  1875. 

2836.  U.  S.  Geol.  &  Geog.  Survey  of  the  Territories,  monograph  xiii. 

2837.  U.  S.  G.  G.  Survey  R.  M.  R.,  Geology  of  the  Henry  Mts. 
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FELLOWS  IN  DECEMBER,  1906 
^Indicates  Original  Fellow  (see  article  III  of  Oonstitution) 

Cleveland  Abbe,  Jr.,  Ph.  D.,  Mount  Weather.  Va.     August,  1800. 

Fraitk  Dawson  Adams,  Ph.  D.,  Montreal,  Canada;  Professor  of  Geology  in 
McGIll  University.    December,  1880. 

Geoboe  I.  Adams,  Sc.  D.,  Corps  of  Mining  Engineers,  Lima,  Peru.  December, 
1902. 

Jo86  Guadalupe  Aguileba.  Director  del  Instituto  Geologic©  de  Mexico,  City 
of  Mexli-o,  Mexico.     August,  ISOO. 

Truman  H.  Aldrich,  M.  B.,  1739  P  St.  N.  W.,  Washington,  D.  C.    May,  1889. 

Henry  M.  Ami,  A.  M.,  Geological  Survey  Office,  Ottawa,  Canada;  Assistant 
Paleontologist  on  Geological  and  Natural  History  Survey  of  Canada.  De- 
cember, 1889. 

Frank  M.  Anderson,  B.  A.,  M.  S.,  2604  ;Etna  Street,  Berkeley,  Cal.  In  Cali- 
fornia State  Mining  Bureau.    June,  1902. 

Philip  Aroall,  728  Majestic  Building,  Denver,  Colo. ;  Mining  Engineer.  August, 
1896. 

Rauph  Arnold,  Ph.  D.,  Washington,  D.  C. ;  Geologic  Aid  U.  S.  Geological  Sur- 
vey.    December,  1904. 

George  Hall  Ashley,  M.  B.,  Ph.  D.,  Washington,  D.  C,  U.  S.  Geological  Sur- 
vey.   August,  1895. 

Habby  Foster  Bain,  M.  S.,  Champaign,  111.,  State  Geological  Survey.  Decem- 
ber, 1895. 

RuFUS  Mather  Baoo,  Jr.,  Ph.  D.,  West  Springfield,  Mass.;  Mining  Geologist. 
December,  1896. 

S.  Prentiss  Baldwin,  736  Prospect  St,  Cleveland,  Ohio.    August,  1895. 

Sydney  H.  Ball,  A.  B.,  Washington,  D.  C. ;  Assistant  Geologist,  U.  S.  Geological 
Survey.     Deceuil)er.  1905. 

ERwnr  Hinckley  Barbour,  Ph.  D.,  Lincoln,  Neb. ;  Professor  of  Geology,  Univer- 
sity of  Nebraska,  and  Acting  State  Geologist    December,  1896. 

Joseph  Barrell,  Ph.  D.,  New  Haven,  Conn.;  Asistant  Professor  of  Geology. 
Yale  University.    December,  1902. 

Georoe  H.  Barton,  B.  S.,  Boston,  Mass. ;  Curator,  Boston  Society  of  Natural 
History.    August,  1890. 

Florence  Bascom,  Ph.  D.,  Bryu  Mawr,  Pa. ;  Professor  of  Grcology,  Bryn  Mawr 
College.     August,  1894. 

William  S.  Bayley.  Ph.  I>.,  Urbana,  111.;  Assistant  Professor  of  Geology, 
University  of  Illiuois.     December,  1888. 

*Georoe  F.  Becker,  Ph.  D.,  Washington,  D.  C,  U.  S.  Geological  Survey. 

Joshua  W.  Beede,  Ph.  D.,  Bloomington,  Ind. ;  Instructor  in  Geology,  Indiana 
University.    December,  1902. 

RORERT  Bell,  C.  B.,  M.  D.,  LL.  D.,  Ottawa,  Canada;  Acting  Director  of  the 
Geological  and  Natural  History  Survey  of  Canada.    May,  1889. 

Charles  P.  Berkey,  Ph.  D.,  New  York  city ;  Columbia  University.  August,  1901. 

Samuel  Walker  Beyer,  Ph.  D.,  Ajnes,  Iowa;  Assistant  Professor  In  Geology, 
Iowa  Agricultural  College.    December,  1896. 

Arthur  Bibbins,  Ph.  B.,  Baltimore,  Md. ;  Instructor  in  Geology,  Woman's  Col- 
lege.   December,  1903. 

Albert  S.  Bickmore,  Ph.  D.,  American  Museum  of  Natural  History,  New  York ; 
Professor  in  charge  of  Department  of  Public  Instruction.    December,  1889. 
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Ibyino  p.  Bishop,  109  Norwood  Ave.,  Buffalo,  N.  Y. ;  Professor  of  Natural 
Science,  State  Normal  and  Training  School.    December,  1899. 

John  M.  Boutwell,  M.  S.,  Wiishin.jjton,  D.  C. ;  Assistant  Geologist,  U.  S. 
Geological  Survey.     December,  1005. 

John  Adams  Bownockeb,  D.  Sc.  Columbus,  Ohio.;  Professor  of  Inorganic 
Geology,  Ohio  State  University.    December,  1904. 

♦John  C.  Bsanneb,  Ph.  D.,  Stanford  University,  Cal. ;  Professor  of  Geology  in 
Leland  Stanford,  Jr.,  University. 

Albert  Pebby  Bbigham,  A.  B.,  A.  M.,  Hamilton,  N.  Y. ;  Professor  of  Geology 
and  Natural  History,  Colgate  University.    December.  1893. 

Reqinald  W.  Bbock,  M.  A.,  Ottawa,  Canada,  Geologist,  Geological  and  Natural 
History  Survey  of  Canada ;  Professor  of  Geology,  School  of  Mining,  King- 
ston.   December,  1904. 

Alfbed  Hulse  Bbooks,  B.  S.,  Washington,  D.  C. ;  Assistant  Geologist,  U.  S.  Geo- 
logical Survey.    August,  1899. 

Amos  P.  Bbown,  I*h.  D.,  Philadelpliia,  Pa. ;  Professor  of  Mineralogj'  and 
Geology,  University  of  Pennsylvania.     Deceml>er,  1905. 

EiBNEST  Robertson  Buckley,  Ph.  D..  RoUa,  Mo. ;  State  Geologist  and  Director 
of  Bureau  of  Geology  and  Mines.    June,  1902. 

^Samuel  Calvin,  Iowa  City,  Iowa;  Professor  of  Geology  and  Zoology  in  the 
State  University  of  Iowa. 

Henbt  Donald  Campbell,  Ph.  D.,  Lexington,  Va. ;  Professor  of  Geology  and 
Biology  in  Washington  and  Lee  University.    May,  1889. 

Mabius  R.  Campbell,  U.  S.  Geological  Survey,  Washington,  D.  C.    August,  1892. 

E^BANKLiN  R.  Cabpenteb,  Ph.  D.,  1420  Josephine  St.,  Denver,  Colo.;  Mining 
Engineer.    May,  1889. 

BiBMiNE  C.  Case,  Ph.  D.,  Milwaukee,  Wis. ;  Instructor  in  State  Normal  School. 
December,  1901. 

♦T.  O.  Chambeblin,  LL.  D.,  Chicago,  111. ;  Head  Professor  of  Geology,  Univer- 
sity of  Chicago. 

Clabengk  Raymond  Claohobn,  B.  S.,  M.  B.,  Tacoma,  Wash.    August,  1891. 

Fbedebick  G.  Clapp,  S.  B.,  Washington,  D.  C. ;  Geologic  Aid,  U.  S.  Geological 
Survey.    December,  1905. 

♦William  Bullock  Clabk,  Ph.  D.,  Baltimore,  Md. ;  Professor  of  Geology  in 
Johns  Hopkins  University ;  State  Geologist. 

John  Mason  Clabke,  A.  M.,  Albany,  N.  Y. ;  State  Paleontologist    December,  1897. 

Hebdman  F.  Cleland,  Ph.  D.,  Williamstowu,  Mass. ;  Professor  of  Geology, 
Williams  College.    December,  1905. 

J.  MoBOAN  Clements,  Ph.  D.,  15  William  St.,  New  York  city.    December,  1894. 

Collieb  Cobb,  A.  B.,  A.  M.,  Chapel  Hill,  N.  C. ;  Professor  of  Geology  In  Univer- 
sity of  North  Carolina.    December,  1894. 

Abthub  P.  Coleman,  Ph.  D.,  Toronto,  Canada ;  Professor  of  Geology,  Toronto 
University,  and  Geologist  of  Bureau  of  Mines  of  Ontario.    December,  189(3. 

Geoboe  L.  Collie,  Ph.  D.,  Beloit,  Wis. ;  Professor  of  Geology  in  Beloit  College. 
December,  1897. 

Abthub  J.  Collieb,  A.  M.,  S.  B.,  Washington,  D.  C. ;  Assistant  Geologist,  U.  S. 
Geological  Survey.    June,  .1902. 

^Thbodobe  B.  Comstock,  Sc.  D.,  Los  Angeles,  Cal. ;  Mining  Engineer. 

♦Pbancis  W.  Cbaoin,  Ph.  D.,  Colorado  Springs,  Colo. ;  Professor  of  Geology  in 
Colorado  College. 

Alja  Robinson  Crook,  Ph.  D.,  Springfield,  111.;  State  Museum  of  Natural 
History.    DecemlDer,  1898. 

♦William  O.  Cbosby,  B.  S.,  Boston  Society  of  Natural  History,  Boston,  Mass. ; 
Assistant  Professor  of  Mineralogy  and  Lithology  in  Massachusetts  Insti- 
tute of  Technology. 
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Whitman  Cboss,  Ph.  D.,  U.  S.  Geological  Snirey,  Washington,  D.  C.    May.  1880. 

Gabby  E.  Culveb,  A.  M.  1104  Wisconsin  St,  Stevens  Point,  Wis.     December.  1891. 

Edoab  R.  Cumings,  Ph.  D.,  Blooinington,  Ind. ;  Assistant  Professor  of  Geok^y. 
Indiana  University.    August,  1901. 

•HEiniY  P.  CusHmo,  M.  S.,  Adell>ert  College,  Cleveland,  Ohio;  Professor  of 
Geology,  Western  Reserve  University. 

Reginald  A.  Daly.  PIl  D.,  Ottawa,  Canada;  Geologist  for  Canada  on  Inter 
national  Boundary  Couiniission.    I>eeeml)er,  11105. 

♦Nelsow  H.  DABTOif,  United  States  Geological  Survey,  Washington,  D.  C. 

^William  M.  Davis,  S.  B.,  M.  E.,  Cambridge,  Mass. ;  Sturgis-Hooper  Profe^ur 
of  Geology  in  Harvard  University. 

David  T.  Day,  Ph.  D.,  U.  S.  Geol.  Survey,  Washington,  D.  C.    August,  1891. 

Obville  a.  Debby,  M.  S.,  Sao  Paulo,  Brazil;  No.  80  Rua  Visconde  do  Rio 
Branco.     December,  1890. 

^Joseph  S.  Dilleb,  B.  S.,  U.  S.  Geological  Survey,  Washington,  D.  C. 

Edwabd  V.  D'limLLiEBS,  E.  M.,  506  Walnut  St,  Philadelphia,  Pa.    Dec.,  18^8. 

RiCHABO  E.  Dodge,  A.  M.,  Teachers*  College,  West  120th  St,  New  York  city ; 
Professor  of  Geography  in  the  Teachers'  College.    August  1897. 

Noah  Fields  Dbake,  Ph.  D.,  Tientsin,  China ;  Professor  of  Geolc^y  in  Imperial 
Tientsin  University.    December,  1898. 

CHABLE8  R.  Dbyeb,  BL  A.,  M.  D.,  Terre  Haute,  Ind. ;  Professor  of  Geograi>hy. 
Indiana  State  Normal  School.    August  1897. 

^Edwin  T.  Dumblx,  13U0  Main  St,  Houston,  Texas. 

Abthub  S.  Eakle,  Ph.  D.,  Berkeley,  Cal. ;  Instructor  in  Mineralogy,  University* 
of  California.     December,  1899. 

Chables  R.  Eastman,  A.  M.,  Ph.  D.,  Cambridge,  Mass. ;  In  Charge  of  Vetebnite 
Paleontology,  Museum  of  Comparative  Zoology,  Harvard  University.  Dv- 
cember,  1895. 

Edwin  C.  Eckel,  B.  S.,  C.  E.,  Washington,  D.  C;  Assistant  Geologist  U.  8. 
Geological  Survey.     Deceml)er,  1905. 

Abthub  H.  Elitmak,  Ph.  D.,  706  Globe  Building,  Minneapolis,  Minn.  Decem- 
ber, 1898. 

^Benjahin  K.  Emebson,  Ph.  D.,  Amherst  Mass. ;  Professor  in  Amherst  College. 

^Samuel  F.  Emmons,  A.  M.,  E.  M.,  U.  S.  Geological  Survey,  Washington,  D.  C. 

John  Eyebman,  F.  Z.  S.,  Oakhurst  Easton,  Pa.    August,  1891. 

Habold  W.  Faibbanks,  B.  S.,  Berkeley,  Cal. ;  Geologist  State  Mining  Bureau. 
August  1892. 

^Hebman  L.  Faibchild,  B.  S.,  Rochester,  N.  Y. ;  Professor  of  Geology  in  Uni- 
versity of  Rochester. 

J.  C.  Fales,  Danville,  Ky. ;  Professor  in  Centre  College.    December.  1888. 

Guveb  C.  Fabbington,  Ph.  D.,  Chicago.  111. ;  In  charge  of  Department  of  Geol- 
ogy, Field  Columbian  Museum.    December.  1895. 

Nevin  M.  Fenneman,  Ph.  D.,  Madison,  Wis. ;  Professor  of  Geology,  University 
of  Wisconsin.    December,  1904. 

August  F.  Foebste,  Ph.  D.,  417  Grand  Ave.,  Dayton,  Ohio ;  Teacher  of  Sden<^es. 

December,  1899. 
William  M.  Fontaine,  A.  M.,  University  of  Virginia,  Va. ;  Professor  of  Natural 

History  and  Geology  in  University  of  Virginia.    December,  1888. 
•l»ER8iFOR  Frazer,  D.  OsSc.   Nat,   1082  Drexel  Building,  Philadelphia,  Pa.; 

Professor  of  Chemistry  in  Horticultural  Society  of  Pennsylvania. 
*Homeb  T.  Fulleb,  Ph.  D.,  Fredonia,  N.  Y. 

Mtbon  Leslie  Fulleb,  S.  B.,  U.  S.  Geological  Survey,  Washington,  D.  C.  De- 
cember, 1898. 
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dsNBY  Stewabt  Ganb,  Ph.  D.,  Santa  Barbara,  Oal.    December,  1896. 

Henby  Gannett,  S.  B.,  A.  Met.  B.,  U.  S.  Geological  Survey,  Washington,  D.  O. 
December,  1881. 

♦Gbove  K.  Gilbkbt,  a.  M.,  LL.  D.,  U.  S.  Geological  Survey,  Washington,  D.  C. 

Adam  Capen  Gill,  Ph.  D.,  Ithaca,  N.  Y. ;  Assistant  Professor  of  Mineralogy  and 
Petrography  in  Cornell  University.    December,  1888. 

L.  C.  Glenn,  Ph.  D.,  Nashville,  Tenn. ;  Professor  of  Geology  in  Vanderbilt  Uni- 
versity.   June,  1900. 

Charles  H.  Gordon,  Ph.  D.,  551G  14th  Ave.,  N.  E.,  Seattle,  Wash.,  Assistant 
Geologist,  U.  S.  Geological  Survey.    August,  1893. 

Charles  Newton  Gould,  A.  M.,  Norman,  Okla. ;  Professor  of  Geology,  Univer- 
sity of  Oklahoma.    December,  1904. 

Amapkub  W.  Gbabau,  S.  M.,  S.  D.,  Columbia  University,  New  York  city ;  Pro- 
fessor of  Paleontolofiry.    December,  1898. 

Ultsses  Sherman  Grant,  Ph.  D.,  Evanston,  111. ;  Professor  of  Geology,  North- 
western University.    December,  1890. 

Herbert  B.  Gregort,  Ph.  D.,  New  Haven,  Conn. ;  Assitant  Professor  of  Physi- 
ography, Yale  University.    August,  1901. 

George  P.  Grimsley,  Ph.  D.,  Morgantown,  W.  Va. ;  Assistant  State  Geologist. 
Geological  Survey  of  West  Virginia.    August,  1895. 

Leon  S.  Griswold,  A.  B.,  Rolla,  Missouri.     August,  1902. 

Frederic  P.  Gulliver,  Ph.  D.,  Norwichtown,  Conn.    August,  1895. 

Arnold  Hagxte,  Ph.  B.,  U.  S.  Geological  Survey,  Washington,  D.  C.     May,  1889. 

^Christopher  W.  Hall,  A.  M.,  803  University  Ave.,  Minneapolis,  Minn. ;  Pro- 
fessor of  Geology  and  Mineralogy  in  University  of  Minnesota. 

Gilbert  D.  Harris,  Ph.  B.,  Ithaca,  N.  Y. ;  Assistant  Professor  of  Paleontology 
and  Stratigraphlc  Geology,  Cornell  University.    December,  1903. 

John  Burchmore  Harrison,  M.  A.,  F.  I.  C,  F.  G.  S.,  Georgetown,  British 
Guiana;  Government  Geologist.    June,  1902. 

John  B.  Hastings,  M.  E.,  1480  High  St,  Denver,  Colo.    May,  1889. 

^Erasmus  Ha  worth,  Ph.  D.,  Lawrence,  Kans. ;  Professor  of  Geology,  Univer- 
sity of  Kansas. 

C.  WiLLARD  Hayes,  Ph.  D.,  U.  S.  Geological  Survey,  Washington,  D.  C.   May,  1889. 

*Anoeix>  Heilprin,  Academy  of  Natural  'Sciences,  Philadelphia,  Pa. ;  Professor 
of  Paleontology  in  the  Academy  of  Natural  Sciences. 

Richard  R.  Hige,  B.  S.,  Beaver,  Pa.    December,  1903. 

*  Eugene  W.  Hilgard,  Ph.  D.,  LL.  D. ;  Berkeley,  Oal. ;  Professor  of  Agriculture 
in  University  of  California. 

Frank  A.  Hill,  Roanoke,  Va«    May,  1889. 

•Robert  T.  Hill,  B.  S.,  Trinity  Building,  New  York  City. 

Richard  C.  Hills,  Mining  Engineer,  Denver,  Colo.    August,  1894. 

•Charles  H.  Hitchcock,  Ph.  D.,  LL.  D.,  Hanover,  N.  H. ;  Professor  of  Geology 
in  Dartmouth  College. 

William  Herbert  Hobbs,  Ph.  D.,  Ann  Arbor,  Mich, ;  Professor  of  Geology, 
University  of  Michigan;  Assistant  Geologist,  U.  S.  Geological  Survey. 
August,  1891. 

•Levi  Holbrook,  A.  M.,  P.  O.  Box  536,  New  York  city. 

Abthitr  Hollick,  Ph.  B.,  N.  Y.  Botanical  Garden,  Bronx  Park,  New  York ;  In- 
structor in  Geology,  Columbia  University.    August,  1893. 

•Joseph  A.  Holmes,  6017  Cabanne  Ave.,  Saint  Louis,  Mo. ;  State  Geologist  of 
North  Carolina;  In  charge  of  investigation  of  fuels  and  structural  ma- 
terials, U.  S.  Geological  Survey. 

Thomas  C.  Hopkins,  Ph.  D.,  Syracuse,  N.  Y. ;  Professor  of  Geology,  Syracuse 
University.    December,  1884. 
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*Edmund  Oti8  Hovet,  Ph.  Dm  American  Museum  of  Natural  History,  New 
York  city;  Associate  Curator  of  Geology. 

*UoBACE  C.  HovBY,  D.  D.,  Newburyport,  Mass. 

Ebnest  Howe,  Ph.  D.,  Washington,  D.  C. ;  Assistant  Geologist,  U.  S.  Geological 
Survey.    December,  1903. 

•Edwin  B.  Howell,  A.  M.,  612  Seventeenth  St  N.  W.,  Washington,  D.  C. 

Lucius  L.  HuBBABD,  Ph.  D.,  LL.  D.,  Houghton,  Mich.    December,  1894. 

Joseph  P.  Iddinos,  Ph.  B.,  Professor  of  Petrographic  Geology,  University  of 
Chicago,  Chicago,  111.    May,  1889. 

John  D.  Ibvino,  Ph.  D.,  South  Bethlehem,  Pa. ;  Professor  of  Geology,  Lehigh 
University.     December,  1905. 

A.  Wendell  Jackson,  Ph.  B.,  432  Saint  Nicholas  Ave.,  New  York  city.    Decem- 
ber, 188a 

RoBEBT  T.  Jackson,  S.  D.,  9  Fayerweather  St,  Cambridge,  Mass.;  Assistant 
Professor  in  Paleontology  in  Harvard  University.    August,  1894. 

Thomas  M.  Jackson,  C.  E.,  S.  D.,  Clarksburg,  W.  Va.    May.  1889. 

Mabk  S.  W.  Jeffebson,  a.  M.,  Ypsilanti,  Mich. ;  Professor  of  Geography,  Michi- 
gan State  Normal  School.    December,  1904. 

Alexis  A.  Julibn,  Ph.  D.,  Columbia  College,  New  York  city ;  Instructor  in  Co- 
lumbia College.    May,  1889. 

Abthub  Keith,  A.  M.,  U.  S.  Geological  Survey,  Washington,  D.  C.    May,  1889. 

*  James  F.  Kemp,  A.  B.,  E.  M.,  Columbia  University,  New  York  city ;  Professor 
of  Geology. 

Chables  Kollin  Keyes,  Ph.  D.,  Socorro,  N.  Mex.    August,  1890. 

Edwabd  M.  Kindle,  Ph.  D.,  Washington,  D.  C. ;  Assistant  Geologist,  U.  S. 
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Charles  E.  Beecher,  Ph.  D.    Died  February  14,  1904. 

Amos  Bowman.    Died  June  18,  1894. 

*  J.  H.  Chapin,  Ph.  D.    Died  March  14,  1892. 

•Kdward  W.  Claypole,  D.  Sc.     Died  August  17.  1901. 

f;EORGE  H.  Cook,  Ph.  D..  LL.  D.     Died  September  22,  1889. 

♦Kdward  D.  C^)Pe,  Ph.  D.     Died  April  12,  1807. 

AriTONio  Del  Castillo.    Died  October  28,  1895. 

•James  D.  Dana,  LL.  D.    Died  April  14,  1895. 

George  M.  Dawson,  D.  Sc.    Died  March  2,  1901. 

Sir  J.  William  Dawson,  LL.  D.    Died  November  19,  1899. 

♦William  B.  D wight.  Ph.  B.     Died  August  29,  1906. 

♦George  H.  Eldbidoe,  A.  B.    Died  June  29,  1905. 
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X.  J.  GiBOUX,  C.  E.    Died  November  30,  1890. 

♦James  Hall,  LL.  D.    Died  August  7, 1898. 

J013N  B.  Hatcher,  Ph.  B.    Died  July  3,  1904. 

♦Robert  Hay.    Died  December  14,  1895. 

David  Honeyman,  D.  C.  L.    Died  October  17,  1889. 
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Thomas  Stebbt  Huitt,  D.  Sc,  LL.  D.    Died  February  12,  1882. 

•Alpheus  Hyatt,  B.  S.     Died  January  15,  1902. 

^Joseph  F.  James,  M.  S.       Died  Marcli  29,  1807. 

Wilbur  C.  Knight,  B.  S.,  A.  M.    Died  July  28,  1903. 

Ralph  D.  Lacoe.    Died  February  5,  1901. 

♦Joseph  Le  CJonte,  M.  D.,  LL.  D.    Died  July  C,  1901. 

♦J.  Petek  Leslet,  LL.  D.    Died  June  2,  1903. 

Henby  McCalley,  a.  M.,  C.  E.    Died  November  20,  1904. 

OuvEB  l^lABOY,  LL,  D.    Died  March  19,  1899. 

Othniel  C.  Mabsh,  Ph.  D.,  LL.  D.    Died  March  18,  1899. 

James  E.  Mills,  B.  S.    Died  July  25,  1901. 

♦Henby  B.  Nason,  M.  D.,  Ph.  D.,  LL.  D.    Died  January  17,  1895. 

♦Peteb  Neff,  M.  a.    Died  May  11,  1903. 

♦John  S.  Newbebby,  M.  D.,  LL.D.    Died  December  7,  1892. 

♦Bdwabd  Obton,  Ph.  D.,  LL.  D.    Died  October  16,  1899. 

♦RiCHABD  Owen,  LL.  D.    Died  March  24,  1890. 

Samuel  L.  Pknfield.     Died  August  14,  1906. 

♦Franklin  Platt.    Died  July  24,  1900. 

«WiLLL^M  H.  Pettee,  a.  M.    Died  May  26,  1904. 

♦John  Wesley  Powell,  LL.  D.    Died  S^tember  23,  1902. 

♦Isbael  C.  Russell,  LL.  D.     Died  May  1,  1900. 

♦Ghables  Schaeffeb,  M.  D.    Died  November  23,  1903. 

♦Nathaniel  S.  Shaler,  LL.  D.     Dietl  April  10,  1906. 

Chables  Wachsmuth.    Died  February  7,  1896. 

Theodobe  G.  White,  Ph.  D.    Died  July  7,  1901. 

♦Gbobge  H.  Wiluams,  Ph.  D.    Died  July  12,  1804. 

♦J.  Fbangis  Williams,  Ph.  D.    Died  November  9,  1891. 

♦Alexandeb  Winchell,  LL.  D.    Died  February  19,  1891. 

Albebt  a.  Wbiout,  Ph.  D.    Died  April  2,  1905. 
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